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TITLE MODIFIED 
see front p?Z~ 

- l - • 

DOUBLE SIDE BAND - QUADRATURE CARRIER MODULATION SIGNAL 
STRUCTURES 

BACKGROUND OF THE INVENTION 

The present invention relates to high-speed data 
transmission and in particular to signal structures for 
double side band quadrature carrier (DSB-QC) modulation. 

5 In U.S. Patent 3,887,768 issued June 3, 1975 to 

Formey, Jr. , et al for SIGNAL STRUCTURES FOR DOUBLE SIDE 
BAND QUADRATURE CARRIER MODULATION the inherent 
advantages of DSB-QC over single-sideband (SSB) and 
vestigial-sideband (VSB) are discussed in detail. Briefly, 

10 DSB-QC system can be designed to have a much greater 
insensitivity to phase jitter on the line, or to phase 
error in the recovered carrier than SSB or VSB signals 
while permitting a coherent local demodulation carrier 
to be derived from the received data without requiring 

15 transmission of a carrier or pilot tone. 

The previously mentioned U.S. Patent 3,887,768 
describes a DSB-QC modulation system in which the signal 
points are mapped in the complex, plane on concentric 
rings the signal points of which are rotated by 45° from 

20 those of the next adjacent ring. While the disclosed 
DSB-QC constellations combat the combined effects of 
noise and phase jitter as discussed in the reference, 
in fact, improvements in the state-of-the art carrier 
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equipment has itself contributed substantially to the 
reduction of phase jitter on many communication channels 
so that signal constellations designed to provide the 
best compromise performance between noise and phase 
5 jitter are no longer optimum in the sense of overall 
performance, wherein the "best" performance is defined 
as lowest overall bit error rate. 

In order to attain higher data rates in a given 
bandwidth, higher signal-to-noise ratios in the 
10 communications media are required. As higher signal- 
to-noise ratios are required, constellations for more 
• signal-to-noise efficient signals are necessary. In -• 
the presence of noise alone, signal constellations with 
points equally spaced on a square grid provide a near 
15 optimum performance. Moreover, such a pattern permits 
simple encoding at the transmitter and simple decoding 
or detection at the receiver. It is known that for a 
given error rate and bandwidth a square grid constella- 
tion offers better signal/noise performance than a 
'20 comparable concentric ring type constellation. In fact, 
for example, a well known ring type constellation 
employing 16 points for 9600 bit transmission in a 
Nyquist bandwidth of 2/100 Hz requires 1.3 dB greater 
signal/noise ratio for a given symbojL error rate than a 
25 comparable square grid constellation;. The well known 
concentric ring constellation discussed above is that 
proposed by CCITT Recommendation V29 (offered 
commercially by Paradyne CorporationJ of Largo Florida 
as its MP-96 Data Modem). The square grid constel- 
30 lation is employed by Bell System in their model 209 
Data Set. 

The sacrifices paid for the greater signal to 
noise ratio of the square grid pattern over the 
concentric ring pattern are that: 
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1. The number of usable points, must equal 2 M 
where M is an integer and thus M can only equal 2,4, 
8, 16, etc. As a result a grid such as 3; x 3 could not 
be used. 

5 2. As the number of points increases the distance 

from the origin of the furthest point relative to the 
root mean square distance increases rapidly. Since the 
distance from the origin is proportional to the voltage 
necessary to generate the point, the peak to average 
10 voltage ratio becomes large and may lead to clipping 
in most communication media. 

In view of the above, it is the principal object 
of the present invention to provide improved DSB-QC 
signal structures developed to provide near optimum 
15 performance in the presence of noise. 

A further object is to provide such signal 
structures which allow simple encoding and decoding 
or detection. 

A still further object is to provide such signal 
20 structures wherein the points in each of the four 
quadrants may be differentially phase encoded such 
that an absolute carrier reference is not necessary. 

Other objects and advantages will be self- 
evident from the description of the preferred 
25 embodiments of the invention i 

SUMMARY OF THE INVENTION 

The above and other beneficial objects and 
advantages are attained in accordance with the present 
invention by providing double side band - quadrature 
30 carrier modulation signal structures wherein the 

constellations are composed of N x N points (N being 
an integer) having 90° symmetry in a modified square 
grid wherein for each quadrant all points which are at 
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the origin or further spaced fioom the, origin than any 
other point are relocated or omitted., Points are 
omitted if the square grid is composed of more than 2 
points (M toeing an integer) to reduce| the number of 
points to 2 M . Points that are relocated are torought . 
closer to the origin and preferably to a location 
wherein the complexity of decoding is minimized (i.e., 
on an axis or on an extrapolated point on the grid) . 

According to another aspect of the present 
invention there is provided -a double sideband quadrature 
carrier modulation system comprising input means for 
receiving data representable as M-bit groups in 
succession, means responsive to each received M-bit 
group to produce signals respectively representing the 
co-ordinate values of a point selected in response to 
the M-bit group from among 2 M points disposed with 90 
symmetry about the origin in a square array of N x N, 
omitting any point appearing at the origin and any 
points in excess of 2 M , and in which array the point in 
each quadrant which is furthest from the origin is 
relocated, and modulating means responsive to said 
signals to modulate corresponding quadrature phases 
of a carrier. 



BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying drawings: 

FIGURE 1 depicts a 3 x 3 constellation which 
contains eight possible points; 

FIGURE 2 depicts a 6 x 6 constella tion which 
contains thirty-two possible points;, 

FIGURE 3 depicts a possible encoding scheme 
for a 6 x 6 constellation; 

FIGURE 4 illustrates differential gray coding 
of the quadrants to eliminate the need for a carrier 
phase reference; 




0031 1 93 



- 5 - 

' FIGURE 5 depicts prior art related to a 8 x 8 
constellation; 

FIGURE 6 depicts a modified 8x8 constellation; 
FIGURE 7 depicts another modified 8x8 
5 constellation; and 

FIGURE 8 is a block, diagram of one example of 
a system embodying the present invention; 

DESCRIPTION OF- PREFERRED EMBODIMENTS 

Data rates heretofore employed for digital 

10 signalling over telephone channels may be expressed as 
2400 x 2 M where M is an integer. The standard rates 
attained therefore are 2400, 4800 and 9600 bits per 
second where M = 0, 1, and 2 respectively. To 
conveniently attain these rates , modems which are 

15 switchable and therefore provide all rates usually 
signal at a symbol rate of 2400 symbols per second. 
Transmission at 2400 bps requires one bit to be encoded 
into one of two possible phases each symbol time. 
4800 bps requires two bits to be encoded into one of 

20 four possible phases each symbol time and 9600 bps 

requires four bits to be encoded into sixteen points. 
The means for encoding and a method for implementing 
the encoding scheme are set forth in the previously 
mentioned U.S. Patent 3,887,768. 

25 In a modem providing 2400, 4800 and 9600 bps 

operation it is desirable to provide also the rate of 
7200 bps particularly since certain terminals are 
designed to operate at 7200 bps. To obtain this rate, 
it is necessary to obtain 3 bits per symbol or eight 

30 possible points. In accordance with the present 

invention, the signal constellation of Figure 1 provides 
this function as it allows three bits to be encoded into 
eight possible points. " To obtain eight points on a 
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square constellation, the dimensions of the square must 
be at least 3x3 since anything less would not provide 
sufficient points- The set of points may he represented 
by the co-ordinates +1, 0, -1 on the in-phase and quadra- 

5 ture axes. In accordance with the present invention the 

zero point is eliminated thereby leaving the required eight 
points. Not allowing the zero point to occur has advantage 
of permitting continuous tracking of the carrier phase 
since reception of the 0,0 point does not convey carrier 

10 phase information. Sinoe the 0,0 point has been eliminated 
no determination need be made as to whether or not the' 
furthest point from 0,0 in each quadrant is further than 
all other points and no point relocating need be done. 
The eight possible phases shown in Figure 1 are 

15 differentially encoded such that an absolute carrier phase 
is not required. 

Figure 2 illustrates one quadrant of a 6 x 6 constel- 
lation which can be used to yield a data rate of 12,000 
bits per second for a symbol rate of 2400 symbols per second. 

20 In this case each symbol is represented by 5 bits hence 
2 M = 2 5 = 32 and thus N x N must exceed 32. The lowest 
value for N is hence 6. Accordingly, 6 levels are allowed 
on each axis, but only 32 possibilities are permitted since 
for each symbol time five bits are encoded into a point. 

25 There are thus for non-allowed points which would occur at 
co-ordinates (-5,-5), (-5,5), (5,-5) and (5,5). Omitting 
these points minimizes the pealc to average power level of 
the transmitted signal. 

Figure 3 illustrates one candidate coding scheme for 

30 the constellation of Figure 2 wherein the first two bits 
denoted by XX are dif f erntially encoded between quadrants 
such that a carrier phase reference is not necessary. 
Differential coding of the first two bits between quadrants 
of the scheme of Figure 3 to eliminate the requirement for 

35 a carrier phase reference is shown in; Figure 4. 
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To achieve a data rate of 14,400 bps at a symbol rate ' 
of 2400 symbols per second requires 6 bits to be encoded 
into one of sixty- four possible points each symbol time. 
This may be accomplished in accordance with the .scheme of 
5 Figure 5 which illustrates the prior art wherein all sixty- 
four points are spaced equally with respect to the in- 
phase and quadrature axes. However, the points located 
at co-ordinates (-7,-7), (-7,7), (7,-7) and (7,7) cause 
a relatively high peak to average power ratio: because of 
10 their maximal distance from point 0,0 (i.e., at the extreme 
points the power requirement is 24. 5A 2 . Two modifications 
to the constellation of Figure 5 in accordance with the 
present invention which yield a lower peak to average 
power ratio yet which preserve equal spacing on each axis 
15 and which provide symmetry in all four quadrants are illu- 
strated in Figures 6 and 7. This is accomplished in each- 
case by relocating the point in each quadrant further 
spaced from the origin than any other point (i.e., 7,7: 
-7,7; 7,-7 and -7,-7) to positions closer than the origin. 
20 In Figure 6, the point at (7,7) 'is relocated to (9,1). 

Similarly, the point at (-7,7) is relocated to (-1,9). 
(-7,-7) is relocated to (-9,-1) and (7,-7) is relocated to 
(1,-9). ! 

In Figure 7, the point at (7,7) is relocated to (9,0). 
25 Similarly, the point at (-7,7) is relocated to (0,9). 

(-7,-7) is relocated to (-9,0) and (7,-7) is relocated to 
(0,-9). 

In each case the danger of the signal being clipped 
is significantly reduced since the peak power requirement 
30 is reduced by 0.8 dB as indicated in Figures 6 and 7. 

Figure 8 shows in block diagrammatic form one example 
of apparatus for encoding serial binary data in double 
sideband quadrature carrier modulation form according to 
the invention. The input data is received via a line 1 by 
35 an M-bit shifting register 2. Every M clock cycles the 

I ■ 
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M-bit number stored in the register 2 is transferred to a 
buffer store 3 under control of signals derived from a 
cloclc oscillator 4 by a divide-by-M circuit 5. The M-bit 
number in the store 3 is used as an address input for a 
read-only-memory 6 which stores the co-ordinates of the 
point of the constellation corresponding to the number 
stored in the store 3 and produces these on output conduc- 
tors 7 and 8 respectively. The data output from the ROM 6 
on the conductors 7 and 8 is converted to analogue form 
by converters 9 and 10 respectively at instants determined 
by the outputs of the divide-by-M circuit 5. After passing 
through low pass filters 11 and 12 respectively the analogue 
signals from the converters 9 and 10 are applied to res- 
pective modulators 13 and 14 to which in phase and quadra- 
ture carrier oscillations are applied directly from a 
carrier oscillator 15 and via a quadrature wave phase 
shifting circuit 16. The outputs of the modulators 13 and 
14 are combined in a circuit 17 to produce the required 
output signal on a conductor 18. 

The operation of the circuit of Figure 8 is quite 
straightforward and can readily be understood from consi- 
deration of the foregoing description and the disclosure in 
the previously mentioned United States Patent Specification 
No. 3 887 768. 

The encoded signal can be decoded by a circuit similar 
to that shown in Figure 8 to reproduce the transmitted data 
in suitable form. It will be appreciated that the system 
described is only one example of possible systems embodying 
the present invention and many modifications could be made 
to the described circuit which will be apparent to one 
skilled in the art. 



0031 1 93 



Claims: 

1. A method of mapping in the complex plane the point 
constellation of a double sideband - quadrature carrier 
modulation system wherein each symbol conveys M bits of 
information comprising the steps of: 

(a) mapping the points in a constellation composed, 
of N x N points (N being an integer) having 90° symmetry 
about the origin; 

(b) omitting any point appearing at the origin: 

(c) omitting any points in excess of 2 M (M being"' 
an integer); and 

(d) relocating any point in each quadrant further 
spaced from the origin than any other point. 

2. A method in accordance with claim 1 wherein M = 3, 
N = 3, the points are arranged along -1, 0 and +1 along 
each axis and the origin point (0,0) is omitted. 

3. A method in accordance with claim 1 wherein M = 5, 
N = 6, the points are arranged on -5, -3, -1, i, 3 and 5' 
along each axis, and the points at 5,5; -5,5; 5,-5; and 
-5,-5 are omitted. 

4. A method in accordance with claim 1 wherein M = 6, 
N = 8; the points are arranged at -7, -5, -3, _i, i, 3, 

5 and 7 along each axis, and the points located at (7,7), 
(-7,7), (7,-7) and (-7,-7) are relocated to (9,1), (-1.9), 
(1,-9) and (-9,-1) respectively . 

5. A method in accordance with claim 1 wherein M = 6, 
N = 8, the points are arranged at -7, -5, -3, -1, 1, 3, 5 
and 7 along each axis and the points located at (7,7), 
(-7,7), (7,-7) and (-7,-7) are relocated to (9,0), (0,9), 
(0,-9) and (-9,0) respectively. 

6. A double sideband quadrature carrier modulation system 
comprising: 

input means for receiving data representable as M-bit 
groups in succession, 
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means responsive to each received M-bit group to pro- 1 
duce signals respectively representing the co-ordinate 
values of a point selected in response to the M-bit group 
from among 2 M points disposed with 90° symmetry about the 
origin in a square array of N x H, omitting any point, appean 
ring at the origin and any points in excess of 2 , and in 
which array the point in each quadrant which is furthest 
from the origin is relocated, "and 

modulating means responsive to said signals to modu- 
late corresponding quadrature phases of a carrier. 

7. A system according to claim 6 wherein M = 3, N "= 3, 
the points are arranged along -1 , 0 and +1 along each axis 
and the origin point (0,0) is omitted. 

8. A system according to claim 6 wherein M = 5, JT = 6, 
the points are arranged on -5, -3, -1, 1, 3 and 5 along 
each axis, and the points at 5,5; -5,5; 5,-5; and -5,-5 
are omitted. ■ 

9. . A system according to claim 6 wherein M = 6, N = 8, 
the points are arranged at -7, -5, -3, -1, 1. 3, 5 and 7 
along each axis, and the points located at (7,7), (-7,7), 
(7.-7) and (-7,-7) are relocated to (9,1), (-1,9). (1,-9) 
and (-9,-1) respectively. 

10. A system according to claim 6 wherein M = 6, N = 8, 
the points are arranged at -7, -5, -3, -1, 1, 3, 5 and 7 
along each axis and the points located at (7,7), (-7,7), 
(7,-7) and (-7,-7) are relocated to (9,0), (0,9). (0,-9) 
and (-9,0) respectively. I j 
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Abstract 



PURPOSETo avoid the necessity of providing a system switching means at the panel side, by 
detecting the reception of a digital modulation signal and switching the reception output of a digital 
demodulating circuit and an FM demodulation circuit. 

CONSTITUTIONS detection circuit 20 supplies a detection signal to a voltage comparison circuit 19. 
The voltage comparison circuit 19 outputs a signl switching signal by taking an output of a signal 
selection circuit 23 for a digital demodulation signal the absolute value of the detection signal is 
greater than the comparison voltage of a constant voltage generating circuit 18 as the reception of the 
degital modulation signal, and for an FM demodulation signal when smaller than the comparison 
voltage as the reception of the FM modulation signal. This demodulation signal output is amplified at 
an amplifying circuit 24 and applied to the output termial of a demodulation signal 25 as the output for 
speakers and the like. 



. . ./abstract?CY=ep&LG=en&PNP=JP5703 9629&PN=JP5703 9629&CURDRAW= 1 &DB=P/>3/04/l 1 



Data supplied from the esp@cenet database - 12 



® B*m&w?fr cm © n & m m » m 

© 4^ §fl 4$ f*F 4> $B (a) 0S57— 39629 

©int. a. 3 mm&§- frrtsitt ®nm ma^ci^ 3 n 4 h 

H 04 B 1/16 6442— 5K 

H 04 L 27/22 7240— 5K %m<0& 1 

MSI* 

3 ID 



9mm 

®ft M. B855— 115673 

©tii m Bg55C1980) 8 ^21B 



HKrfJ*^nSl006#±ifc 



W W « 

1 . ?feM©*$* 

-*istf.iH*K:*-^X. Qtem^frhfatii-Zlxk e 
iltKtitiKi Sf < v ^ a. ^ gs ffl S: <I 

ftUt 
3. 3&5F}©»S!4iftW 

k ffl -t h m m « k *.- ^> -c a </•> ■*■ *->- © <k 

i'gfl? *i-ft*8-&x 4, 2 cj © * tS SB Isl 8fc 30i gti j?fi - 



2 

■rn*»©Bca!wii>)i««>*K)ft!-j-* j: j. * * 

AJiSEX-;*:* ft* JI'Sl.TtS'.MBlBSrciKSgS Jr-C 

KtttilX tx.Xv>fci.6©ttiSTE*§fif £ 
^ 5 :fcj&2>' i> = ft „ 

@i ffi *m n -r -t ©- *»ff>j * -r & . 

e # Elsies 2 rc.r !>«<s*-x^S8at»s:»5*i.. 

a2^Sc^lDlt» 3 t FMtft&EIM z i 
F Mft&lGlPS 2 i ©Hl^msejlHlBS 2 2 x3iE* 
^(CJ@iitK^ ft, ■g#iB«|slK 2 3^ F Mfljfgei 

fi^tu^i^j, rn.M0.mmsa 3 © hi?jH: 
tfcfflJfWlRira « ©w^-w^ms^FKisies em J: 

«9<KlelM e © Hi :fi*fg-<§tt RE SU SS 
Mi{ftffliM«l^-r©»l|W®-%i ux. ttffl^fkO 



ks ■> o — p s k <z>miMm^ tit. &iSLWM®m 

m fE '« «1 58 115 151 BS 9 tt m 4B 0 JK 6 tf> <b © M W IS. HP. 
KI5SfifS«if!l*:HW3n. OJ ?J « -^fct JB (5J01 

Kt&SH-i- 2> C £ K J: ij iQi|B(5|gs 6 « m 7j ic P S K 

oase^i!?! maw 1 1 

rt'T S *fcl6|«nafct«i»S-^4 0 it (B 0 Sg e tf, t, <J> 
P s K «sl3-«-%tt{affl#<fclB|gS 1 oKi: !5 S-SleJ 

Kofi/:*jj5*-*fifiir: i««rem 1 1 Ktaios 

O 9 9 fcfflSB L. D/ A sew IBM i atc-T 

*ffiffli(5lH 1 *ttiai!5!ia»e tf» h © P S K^^iS- 



X. ^ L ft H¥<D3Cffli^ luOgS© 61 Jili W 

4. HI rK© fill* 4 BIN 

a tt.Wtt KtSES. 1 * ^KSittlUISW, 

®-%lSlK®iS„ 



J4fHWS57- 39 G 29 (2) 

tJ. 

rules 1 b<om2?« %t± f * i- 

jwiB-^ssaitnifs 1 t xt±m<nsmm 1 @^b<o^s-^ 
-k &M imp. . 1/2 lyw-rz, t 1 k sl 17. t- 1- im 

301 *=f fr. §E fK U - fi ffi M lal Rft *• i [X D/A £ 
E1IS 1 a K fitted*, ift. «iKr5|BS2oa<^ 

Oteiffi 1g+J<D/fa*dfi«5rlfc« ■B#®^[E1ES2 3 

^•4r. "I ft. JtWfltfE J: 0 i^BSHC F 

inm&, 2 a (dih jj t-r & z . -fi snails -<t 3: 



—148— 



HMMS57- 39G29<3) 



4±F 




—149— 



esp@cenet - Document Bibliography and Abstract 



1/1 ^— 



RADIO EQUIPMENT 



Patent Number: 
Publication date: 
Inventor(s): 
Applicant(s): 



JP58161427 



1983-09-26 



TODA YOSHIFUMI; others: 02 
FUJITSU KK 



Requested Patent: fj jp5 8161427 

Application Number: JP1 9820042267 19820317 

Priority Number(s): 

IPC Classification: H04B1/06 

EC Classification: 

Equivalents: 



PURPOSE:To realize an automatic switching having high reliability without affected by an external 
noise, by providing a switching circuit automatically selecting a reception circuit of FM system when a 
PLL is unlocked and that of digital modulation system when locked, relating to a radio equipment both 
for FM and digital modulation system. 

CONSTITUTION:When a signal to be modulated is an FM-modulation signal, since a PLL14 included 
in a reception circuit 5 is unlocked, an unlocked signal 7a is given to a changeover circuit 8 from an 
unlocked detection circuit 7. The circuit 8 is selected to the position as shown by dotted lines in Figure, 
an FM reception circuit 4 is selected automatically and the reception state of the FM system is 
established automatically. When the signal to be modulated is a digital modulation signal, since the 
PLL14 is locked no signal 7a is transmitted from the circuit 7. The switching circuit 8 keeps the state 
as shown by solid lines in Figure, a digital reception circuit 5 is selected and the reception state of the 
digital modulation system is established automatically. 
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PURPOSETo prevent an erroneous correction, by discriminating the coincidence between the point 
obtained by an internal code and the error position obtained by an external code and counting the 
number of pointers to control the correction of an error with the number of pointers. 
CONSTITUTION:The detection or correction is carried out for an error by a decoding circuit 5 of 
internal codes, and the data obtained after the correction or detection and a pointer showing whether 
the data is wrong are generated. The deinterleaving is carried out by a deinterleaving circuit, and the 
point and data obtained after the deinterleaving are fed to an external code decoding circuit 7. The 
data fed to the circuit 7 is sent to a syndrome generating circuit 10; while the point is fed to a counter 
15, an OR circuit 19 and a coincidence discriminating circuit 13 respectively. The counter 15 counts 
the number of 1 of a pointer, and this count value is fed to a control circuit 16. The circuit 13 decides 
whether 1 of the pointer is set up at error positions alpha and alpha and then sends this result of 
decision to the circuit 16. As a result, the correction data is delivered from an adder circuit 17 of 
modulo 2, and the error position information is delivered from a gate 18. 
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PURPOSE:To detect a horizontal synchronizing signal with high accuracy by detecting the pulse width 
of a horizontal synchronizing signal separated from a digital video signal to obtain a width detection 
pulse and using the width detection pulse train so as to extract a horizontal synchronization detection 
pulse. 

CONSTITUTION: A synchronizing separation signal 100 is changed into a width detection pulse 300 
when the signal is consecutive for 3mu sec for the period of level 1 at a pulse width detection circuit 1 , 
inputted to a period measuring circuit 2 continuously in a prescribed period, then a detected pulse 400 
is inputted to a timing generating circuit 3 and a signal 500 representing the count of the 1 1-stage 
counter built in a period measuring circuit 2 at that point of time is outputted. The mean value of the 
periods is obtained by a period integration circuit 4, the mean value and the measured value are 
subject to different operation by a difference operation circuit 5, whether the value is smaller than a 
prescribed value or not is discriminated by a discrimination circuit 6 and only when the value is 
smaller, a horizontal synchronizing detection pulse 1000 is outputted. 
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PURPOSE:To improve the correcting capability by executing random error correction coding, 
interleaving and burst error correction coding sequentially. 

CONSTITUTIONS random error correction coding section 1 applies random error correction coding to 
an error correction object data 5 to form a coded data 6 with a random error correction data added and 
applies the result to a 3-phase interleaver 2. The interleaver 2 divides the code into three at a 
prescribed interval, samples sequentially the obtained data from the head to form a coded data 7 and 
the result is inputted to a burst error correction coding section 3. The coding section 3 applies the burst 
error correction coding to the data 7 to add the burst error correction data and the transmission object 
data 8 is fed to a transmission section 4. The transmission section 4 modulates the input data to 
output a transmission line transmission data 9. Thus, the correction capability is improved remarkably. 



Abstract 



Data supplied from the esp@cenet database - 12 



./abstract?CY=ep&LG=en&PNP=JP63 1 80222&PN=JP63 1 80222&CURDRAW=1 &DB=PX)3/04/l 1 



®B*i»»rr(JP) <0> # Wf m m 'A ffl 

© & m & f* ^ n (A) PS63- 180222 

©Int. CI." taSUia-^- JTftgSS^ PSfP63^(1988)7 ^25H 

H 03 M 13/22 6832-5J. 

©4$ fgl PS62- 11687 

@ttl E3 Pg62<198?) 1^21 a 

ft 

@m m a Eitass^a imsm^ffliK^F^Tg 2^3-§- 



«t a * 

1 . & W * 

2 . a %t m * «o at ra 

ir < •>-?A'a«0JSE5«S^y4BljE-*-4fc*t> 
iE *f * - ? K *» U t 5 v j>r a SS U coJTIEW^fti 

2 o>& »jn.flESJ-«MtB«i:*«>*.*iC £ 

*»y»ijE»^-fks. 

3 . OS? ffii*SftBg 
C5 -c *> 4 . 



I « 3K <7> # « ] 

T 7 •< J\s A 9 K ti X r — f 9} 3Z& & & 4* $ 

^ » d k tt . it, toanTitiffDBsc* 
a c t # *> a . loS'JtBltiiot i-t. 

*■ » 'J k . f-CO-S^iliftf, URUtS 

yta«'<-xhayt*s«a**. ig <*> ft £ bs 

c»v-Tli. »4S)'< - ^ > u 4 S J: *J » < J64 

i- -r * a . cne>4@c»i>< 

T. a'jni»Sf-M5) 4!'<-^ hB!l5IiE 
» ft; S (a) cA3)JJi4i. cctaDtiiEo 



-131- 



ae # ft ^ - m i L.tttssft5. 
Sx-^CB) Zij£#g5(4) c J: ^tfa?ti, e 
iX & & « f - * O) 
[«B3*5»*LJ:-7 i t 5 H a .*i ] 

^ If . >7 H/<;7MftltDS7 U ,y7D» 

7" CaTDFF £ -5 3 . i* «i «J sfi S HI & CttT 
E»-OB =j ) & X If * 4 -, i-|T««ffl. c 

O *> DFF JjfflfiKiiTS'JiiaStJtr, ► 

J>> -p fc . 

ftfcfcw-e. Ui?^hifct± DFF <H « ** >J> * < 
it. f» >»dJ*V>'<-x 4g«CfIi£ 

[0Hstifttifc«i!)fa] 



^ROBO 63-180222 (2) 

2ijE«i-«i'fbac3rij:t>7 i -#rcc)7 :: — * ?i £ £ * 

coStySTIESf^flsSBi: 4«xfe^o>-eas,4. 
[ t*« J 

+tinbfc^-i'tfFU. i» % t , c (of - ? * •( 
# -ft, 68 # -< - x ha!)»aiE8«fttfi,t'<- 

if . a« tTi»ft?-?Kf, h » © * v '< - « 

ftmSIUTt » ► ft © * n '< — x h S !J $ !I iE 

-t txii x < . cm: ioTgonjEist»ac 



[ s * ft ] 

" » > B t ft !l , 8fJfE*BtSt»5HiH-(?) 
» ^ * 4t Ufc %(73ii*n^KfBi — coS*t^b-r 

J^a'J 4* 4b *: 5 ? v?i.S«?IjEH^ft;«J 

(t) i. c«?yyia'JSjEi?tft9(i) a> * 

M^^ix. # 4Mb 5 s - # (7) 4: '< - X h 31 y SI 
IE iff <t -IbSS (3) KAJt43«<^^-'<(2) 

±m o x 7 k. m &. $ n. n m !)iijE»§tsnjB 

fF 4 » Z 0 (») .(b) irSLfcr-?7*-^» !■ 

STIESiftf-^m eMLT? ydTAaOSliES 
-^■fbtffo-C. 3520(4) C S t ± 5 IC . 
a 31 y !TjE7 r -^(I0)4ttiDL 7 tfJ^^7=-? 
(7) *J . 3 ffl 4 •> 9 'J - '< (2) k: » * S . 3 



« < y *r (J - ✓< (2) li-S©l«iBT3»at4i 

/tsc it i ijfl^ftf - # (?) * y . /< - 
x ► a u ftso) coa^<- 

x I- » 9 *T IEW-<Mb« (3) li ?7 -9 -fb 5 s - * (?) k 
Slt'<-^59sIiEfftftttTir, S520 
(b) c*t-J:?i:, '« - x haUnjEf-XIl) 

* -W ia V -C 5S @ ft y - * (8) fci£6S(4) K Jbn 

* a . a .e 3 ( 4 ) TiiisaLtnK. x*r- 
j-isauTfiiisBSir-Ms) * m * a . 

a54Bli7 v/iE!)tIiE»%fcS(l) <JD8*la 

* «t »£ * jft -#- t o -e . & a ? n dff(i i) ~ 

( J 7) © 3 -fe. DPF(11).(I2).{13).(14)«9HIS 
Ex -0R(2 I) .( 22 ) , (23 ) & . DFF ( 1 5 ) , ( I 8) <n M K 
E>-0R (24)rii. DFF(I7) (7J US * m K »C E « -OR ( 2 5 ) 
«tth?tl»Ai*lT8ll , d^K. Ex-0R(25) 

-f 7 f S2t* UtDFF(ll) ©A2J4S5 
£Ex-0R(2l) -(2l)na>J Ctft?tlS 

E x - 0 R ( 2 5 ) Si ;t) SSS K . *^<Otf)tt«^-b*t 



-132- 



- ? 4 * x . < rfSloftS*? ct>8? 

-?t»lUtJ:?i:<tit»i|. c n £ a* & 5fc <*> 

C (I) = x ' + X 5 + X ' + x J + X ♦ 1 —(J) 
im?3Bc«t>-c. IS i> si IE tt x - :? (?) 

nat^K. * •< , f S24ia^ f n i c i c i 

S. C iqS »J tfiE?4«f - > (5) OA»iiJ57 U 
fcafg-tryjift^ -< v * S 1 * « ^ b ffl c i£ & a i: 

i-tm^jf ni. 
ifcc. S40I1 3fi < y ? ij -/((2) o> 3 ffl <r 

**«r*.y. *r # -fc -T - * (g) * ie te ;< -a * 
*>> k > * * i . «2 . »3t*+agetfSB(3i) 



7$rfflD3B3-l 80222 (3) 
7 K 1/ ^ t*it*aUi U i ■> y # CWTROA* 

^ * £ w ? ) (33)i. ;m&*8fi»-#-a,rf=fc'j»J 

& & (3*) t Z 1& A. X ^ Z . :«) 3 «-(-/?!)- /< 
(2) HJiJiiU*i?ICAif-?©tt/^4fc5 

X ti . 7= - * 3 ii * ffll # J: (/• x - 9 5* tti U ffl n Z 
*> e.T?t>^InE-e*aiS. SE » L flU -c i* flF + i « 

ft-T. S & * ffl -e li . «U*6it8itcA 
SSnaf-i" 1 ~ ^ - 9 n > * D * 1 W7 r 

Fi/xncaa*, & ^ -c . n*i » a 

*> 2 n*BSTK:AA?n.ax-?(n*l)*l ~ 
7 s - 9 ( 2n ) % > * U » 2 o? 7 K u * I ~ 7 f i, 7 
» KSii*. * K , (2iM)«B*>«(3i)*BS 
tCAJ * nSx - * ( 2d * 1 ) ~ x - j» (3n)fc > * 
'J # 3 53 7 K U * 1—7 h'uXaKS&t/. 

Z* . S« tfl U ffl t (i . / t 'J * 1 H 7 K U * 
1. >tU#2 07|.'l,^l, ^ t M 3 O 7 K 
i/xiwiBtr-^tSlill. SJ^t. ->«*:!/« 
I K) 7 r ^ 2 , .**'J#2fl>7Ku:XZ, 



!l » 1 (5 7 fUJ 3, >«U*Z097 K 
U * 3 . ^«iJ»3(D7Kl/X3(c:iaKf-i't 

fl . WfiA ? V * (32). RDjS ? V * (33)(7) >J -fe „ >■ 

. hsyariE9tft3(3) f± .k as :? 

± « #- 3» A g ( j ) is»4in)*T:*5ci*>e, 
k: « * a » m * « u m * « 86 a . 

If . 3«<y?!)-y<ff)(tfc(IIC. 4 « 4 ^li 
cli. 7y^i»S!)fljEjIf ft3(3) <Z> « »B * 



C« W <r> j» * ] 

!) iE 8 ^ ft . < v# !)-/ft8J:i)'/<-X h a 

•c. a*iSlT:li«ft-c* ft*,fcir, h & * 
fc» '< - * t/i«^tt. * y j- u - y 

r * 5 r -( ^ ? >) - 7 <t<n&. 7 ~s * u 

RyTriE©»^*(ij:yayriE*SFrB6t*»j. 

■C * S . 

*><n T - 9 -7 * - -* v b> » 3 EI f 1/ |5 4 0 (i 
n r * 0 . a 5 HfiKjRcS y JriiJf fcs<o« 

T 6 . 



— 133- 



WKiuaea-i 80222 (4) 

0 k » r . 

( 2 ) li 3 « -r v * y - /< . 

(3) |± - * hSOHIESf 

« a a * « « jb 



3 
f 




4 

I 


fa 'J Hi 








i 

8 



(0> |AIA2A3A4 I R-ECC|W 82B3B4 |r-ECc|cI C2 C3 C4 |r -ECc}dI Dg D3~^ 



1 1>) jAI Bl OA8B2C2A3 



l B ' ECC |P' 



9 



?$ri3Dafi3-180Ii22 (5) 




f Ji m i s (a%> 

62 7 28 
f$«Bg 62-01 1687^ 
K-JSJiETJ-^tfiS 



1 . * It © a 7* 

2 . Bfl 0} £ ft 

3. *aiEfc-f 

fi m 3t*tB=F-rtfflEA<Ort-Ta 2S3* 

* » (601) =swai*5£^ti 

3 « ^ -a 

4. ft m a 

a « (73?5) #a± * « ta it 

5. M«ft03(2i3)342m»8B '^gp) 

w a 9 co it SB <o n m u 9? <o m . 




^8363-180222 (6) 

(1) ?IIIS3I22«tc r &m it » ? - 
<8) j t u> ■? * fliffi«S7-MD j t fit 
ie -r * . 

(2) »aa»3H7}T~S8j7(0 

* rti79,7-7.n»7-i tliiE-rs. 

(3) ias»3S»9iT~»nti<D r«* 2 

3i. -IKTJt, J k^^8e«**OJ:5t:?iS 

fW)4sn. v<-At-KoiTjE<5f^oK')rriE^ 

(4) BfiMSB 3 i$15R~aiSHO r 0) 

r . ~ c v k a j t ^ ■> k « * r ro -e , tr, h 

(5) ^asK4isiB}T~3!u>f» raisg-r 

l^f ha-TJitfJ:<. |'kir*7S«t«OJ:5 

r » PS T - .* t- >3 Sr 5> V ^ A 25 r, c SftT 5 
©T.J 



(8) f1iWSm7M558tf© r«^-a®Jj 

la « * r«f biiij taiTs. 

(7) (WfflSS 7 H» I24f © rss^bfflJj t ^ 5 
£ « * fcfflE-fS. 

(b) wasaia isniTffl 

~ j t^iffitt* rf-* (n»[) ~ j *t IE T 
5 . 

ft j t ^ -7 li « * rMOSilEcafM-^fliJ k«jE-r 



— 136 — 



~;jp@cenet - Document Bibliography and Abstract 



1/1 '<— S 



A/D CONVERTER 



Publication date: 

Inventor(s): 

Applicant(s): 



Patent Number: 



JP2094814 
1990-04-05 

FUJISHIMA YUKITOMI; others: 01 
TOSHIBA CORP 



Requested Patent: j~ JP2094814 
Application Number: JP1 9880245983 19880930 
Priority Number(s): 

IPC Classification: H03M1/12; H04N7/13 

EC Classification: 

Equivalents: 



PURPOSE:To reduce noise by inputting the same analog signal to excess A/D converters, summing 
their digital outputs and dividing the result by the number of added signals when analog signals less 
than number of the A/D converters in a digital TV in which plural number of the A/D converters are 
employed. 

CONSTITUTIONAn analog switch 7 is provided, which switches an SVHS C signal also to an input 
composite video signal of an A/D converter 4. Outputs of two A/D converters 3, 4 are added by an 
adder 8 and the result is divided by 2 at a multiplier 10. In order to halve the gain, the multiplier 10 is 
to be shifted by one bit. Thus, analog noise caused at the MSB change point is halved and the nose is 
divided into two and outputted with a timewise deviation. That is, the level of the analog noise 
generated at the MSB change point is decreased and scattered timewise. 
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PURPOSETo send a still picture between digital TV receivers through the use of a general-purpose 
telephone line network by sending a picture data written in a picture memory of a digital TV receiver 
for picture transmission to a digital TV receiver for picture reception via a transmission line, writing the 
data in a built in picture memory and displaying it on a monitor. 

CONSTITUTION:The write to a picture memory 21 is stopped by a memory controller 22 at a digital 
TV receiver for picture transmission, the readout from the picture memory 21 is repeated and the 
picture data read from the picture memory 21 is converted into a serial data by a P/S conversion 
circuit 28, modulated with a prescribed analog signal at a modulator 31 of a MODEM 30 and the result 
is outputted to a transmission line 40 via an NCU 33. A demodulator 72 at the digital TV receiver 5 for 
picture reception converts the data into a digital data, an S/P conversion circuit 28 converts the data 
into a parallel picture data and it is written in a picture memory 61 . The picture data written in the 
picture memory 61 is rand by the memory controller 62 and outputted on a monitor 64. 



Inventor(s): 
Applicant(s): 



SOBASHIMA HIROSHI; others: 01 
FUJITSU GENERAL LTD 



Abstract 



Data supplied from the esp@cenet database - 12 



. . ./abstract?CY=ep&LG=en&PNP=JP22 1 8279&PN= JP22 1 8279&CURDRAW=1 &DB=PAJ<03/04/l 1 



® B * 9 4* tf ff ( J P) © *¥ W- * HI £• BB 

®2:ii§4#fF2r3g (a) ^2-218279 

©Int.Cl. 5 mm&ft frAffiHH? ®£rW! WZ^O990) 8 ^30B 

H 04 N 7/00 Z 8838-5C 

7/01 G 7734-5C 

11/04 7033-5 C 

g56af3fc im* swe^ott i (±6i) 

@# S ¥1-39847 

©Hi IS ¥1 (1989) 2j320B 

©is a J % « a ffi n>«;nnt;ii<«mis»i2:Miii6*ttt **5£^i±a;=bii-fe** 

©uj is a *5t£tttt:fcin?*5 ^/iim;ii^mw^E^iii6#ufe 



«?S #a =S£ 

1. BM*» 

2 . CO % H 

(l)A*»*^tS:T^5 ;i> CD Hi ft 5= - * tgj 

JS*«s»»*ii. ft k a / d & 0 » a- «> as ^ 

£0 51 #; * * 'J #>6»*{B«*vfegftf-? £ 7 
mD/A^&BKTgiftStlfclfcffiifSil-fc^atiS 
V « « «i & Z o K i? . ;02O(!)ff'J'Mva 

ft m « ffi sa ee »> ^ u *• ^ st * » s n t is yj » n 

« ^ - 4> S D£ 53 © t= • - 4> K&mi,X toUT ZM.fi - 

at sra se * a w t . i©3fe5y-ig5j^«i2i«A'>i£i5 

Ktt', >J -T 4 SE IB K8 t fcMtt. WffiffifliSS ffiffl © 5= 



i- - s*TVSfii«iK. mi K £ £ « «s t ,* r 12 
- * * slfc59 w H tfc -r - * i:aj»uxaiJit5i£js 

3. 3SQ0^M«»% 

>j v jut v t w a* r s ) « « « pu t &• ^ x W fit ti 
iStf-ca- si ^ cbfc^j/ir/t/Tvasitaitfigttf 

5lffiHHShTi>4TV(Tl'et;a v ) S ft « 
8f*'IJIliSht7tDjfTVS«aT«4l!IT. 



d©7^ayTV£{a®roTBfli(«*.tf:>3=5- 

? )l-T V j}(8iS{«itf. E D T V CExtonded Oef 
initior. Television) Steffi) IHJ 58 5 ii T. V> i # . 

c: t-" ^ ^ ;i/ t v 5 45i « na t- is » <s a- -r 5 * © i± 

-= . 

c« «a u * ^ t -r * tea usi] 

jt 35 © .fc } k . SftidffiahtKirtdifT 

v«««KiD-ci±ifii«c5a-r4-fc # -e * r . x y 

VS«tSfflt-l«EiSSt itfflltt*-, t 
COT-. a^»«SCW^IfeH.ltlfflSa3g@«i^)S:rtv^ 
T. Ti')'*Tvafii«|!l|T'fi8!(ff!lilfL'f* 

s*i«fcvN3MMj&i*»-3 fc . * « m3 w: ji a « ia 

cWKSfttpSSi^? pj((«xlf 1 7 1/ - A # © 
lifi * ■? - 5 •feS*iist , 7l/-A^ ; Eij) S .^j SJ U. 

w tf » 9 - » jb ia" fa ) s- e is -r -a - t # x- # * 



#BB¥ 2-218273(2) 
7 r y*/>'Tvft««i»iseie3t«ias:tf4flt-rftc 

& ,£ & yt -r & * © * «; ] 
♦ ssuiffj* -r vsss if.) w » e a « 

K tt . A J& * 01 « 4 ? i? » *0 M & X - * K g£ 

ml ffi A / D 32 & 0 *(} <i ,t. # 

© H <fe * ^ 'J A' Si * 25 S *v H gl x — * + 
□ ^©Sfc&fir^K&fcTaD/AKBseJSflt. d 
©D/AS£»l°lS«1?KStS^/cl?)l»m^S:3ii«W 

V & tt< ® S: 2 o Sft W . I02T8)f fJA-TVS 

«ma©-# * as»atm« i: l. m/s tzWaewjimm 
tL. gaffif0«;s<Bra©x'j>#;i'Tvs«ia«iK. 

« x - 4« SiBJUfflr- * tiSftU-CJJJjr • 
E6C 31 £« IM 38 £ - d © #J • ifi 3*J & 83 [S S» *> 6 i£i 
2j -f a x - 5 fcr-rci^fi?e'lcS29SUT<2j£-«» 

ic as u -t- a R is as ii Sr 36 » . at ?£ n & # <g m © -r 



- 3 - 

f?fl-TvSft««u. 83 SSCs&SK} K i -» X <S 

a -r * itj «t ? — * t fertatw®«^* y ksuu 

ffiftafiJHfflr^'* *T VSftlfflt-*. A / 

# z mm a t*. z is & * * <) k & £ & * z . ~> ^ 

T? . S*MU»«S*f-*«*lli4h. D 

i a r- . w « <s is & as « * * *■ - s « * * y *• «> 

«*ffiS4vfe««-r-**tafe5!I- K ?H IE » B » u: 



BlftSfgfflWT'y* *TV««M-Cl±. <ii i£ S 
jaj CO BS tf< x - i> »C ig S ft . ^Jl!6B3«S:^LTii8 

t^^'jcstathi. n't. @ an .* ^ y a* 
e.ssj>aj«^.tis»?-i> • m ?j as * @ & 

IC 5!) KS-j«£;h.. D/AgEJSS 

& £ *v a . c © fc © . = * i* ifi «i * * y co i® » 
7 r -^K»^UfciiStfi&-»S-3-&. Jz id: © J: -5 £ 

« * <s m © r ? ;t> t v g A (s fie ^ s « e a s 
n a . 

t3E«s«J 

u-> x , i it S3 « a (3 m a t 9 >\> t v tuna . s 



—578— 



flV ffl W <fc a 13 ffl © ? » /i/ t v g ft m i i± . 
?t3tS(8L. f H:'SS-A*iSi ; fllS:^L.t 

^ i - + J 2 © UJ « ON l: «j £ 2 4v fc I F «i & ia ai 1 3 
k . ;«i F«s«js]|lSl3A<€,©* i 7-B*tf!f3y-( 
« T ■» K 5* (3 * k SB j£ 3" * ) t a fit © * ^ - t' 
=f * m J -f A A S£ ? 1 4 . 15. 16*f.A?Jt 5* 7- 

^«te^mTi&K^<am#kKy;-r a )©»*»*'& 

SIKHS? 17 ©Hi «-&£*i.fcA/D(7*n 
f xi* 8SS« 18 fc. ^©A/DjSEStHKt 

4j-)»^rae»i3t . c© y /C& « Ens* ia© tux; 

08 t 95 «6 P3 « 20 O - * © 4S KU « 20b . »3 SO 20m 

at/3tjfl!»^20cs-^>u-c«i#a*.fcffla^*y 

1 7U-A})WBftr-Jiffl3fSii*# 

© «! » # * 5 »j jJj -r a * * =i ^ h o - 5> Z2 1 . 
si se ei fit > * -J 2 1 © rti a Mic « a d / a ( 



ftmW- 2- 218279 C3) 

X ^' * Jl' " 7 X H ) g #■ 63 SS 23 fc . I B D / A 
g5«ta^l3mffi^flaictt-&^lifc^-i'21l:. mT 
8B Bi » * * 'J 2 1 © U WJ 48 C * V - 7 -< y 25 
S^-bTtA^S^feM?!! ■ SI3HJ (« T HI K F / S 

taia-ri)2i«&0«i26t. ^ © p / s ass 2 

0© £B tj flffl n *» £ * *i fc {« J£ r ~ J> ffi * 43 -?• 27 fc . 

28 »c a # l x ^ 9 ju © ? - fiigjnj-teyyse 

& b "C S3 ffi « «S lal S8 20 © fill # © «J Sd tS ? 20b fc Ui 

jj-t a a: «i ■ ^?s(jjtT#tcs/paiEai-ra)ffi 

» gj SB 29 k A> €. * o T >••> 5 . rn?JaiS*£<Hfli©7 : 
^?;UTV3ttfltai©fijS?- : S>ill30«S?27i:e 
& ? - i> A 7J «6 T- 28 li . thf JvMODEW(ai 
fc3JJ3SB)3o©&WJB3i k S9«ift32fcS. NCU 
(ai$'JWKiS)33£ bTft^«M(CJA tfSK-fl 

r<r se m » SMS ffl © 5 s f J- t v a- a a s t* . m s 

TA* Lfc&SStart 5-f UtffS*B*»6»S 



W * ^ - * 5260 ;!J H SI « ■& 2 n fe I F « SS EI ff» 

53k. i©iFtfejgd(aii&s3*e»(o?*afg^ka«s: 

CO UTt-'*«-^A »tS7-54. 55 . 56 ** £ A # T 4 f» 

sus & 60 rp * ft - 1^ (c k » m +j £ « j« t a as w 

A / DiE»|nlSS58k . C»A /DE»igSft58CO« 
A«C«^Shfcy/C»Stleie»58k. ;(DY/ 
C » 82 0 » 59 60 ?j ffl) K «J «s IS1 SS 60 SO - * 60 <BJ J)IJ 
Jffl^-EOa. eJ»Jt 60matf ift i£ *S ? 60c & ^- b T *g 

^SHfei*^^ <) (#f*tf 1 7i/-A»60iB» 
x - » wmt&z-tfftffiK ? u- * <nei k. 
^ © m a ^ * y 6i © «s * » * t si w -r * > * y =■ 

> l-D-762i:. B5iaE5«^*y6J60ai7jffl3U:*g 
§3htD/A35»|l||63i. iOD/AJEJO 

n 63 © aj » m ic is a n - ^ si k . iH k a « 

T«f^-a*v.tp/sg;«aiaffi6Bk. ;eip/sa 
J6 js 66 © hwj «8 c « ^ a a fc e is ? - * m. u oa 

^•67k. SSr - * A A«S?6fik . ifflKiSr- 



f A0J«iTF-68»= A -a b f Sr ittM - 

b x &S k w «s m a eo © <& * © «g ho « j- 60b t ai A 
-i- a s / p & # 0 ss 69 k * e, nc , x » a - fi» E iaf 
«gSH©Tf?*Tvgiaiogi!tf-*ai 

*«?67k Siif-'- * A »e8-?68tt . {JvflvM 
ODEM(gt«M«a>70©^S3}S71k*S3ffl72t 
)B. NCU{iMlB»8H)734^ b T m US <2 54 tft 

«tkbT««-r*k3tt. W«H«8 20©»IJ!8«-20 
»&-*©(IB?y«^Z0»tCgfl?i b, 

^.^2'5 : -25£:3j-7-ra. *b-C. A^-xUtf(3 
^■fc*7-t-^^<i^©iF>»>f,^«E)SS17m:, 

■r is * ti- fc et a <a ^ *> . A/DK«iai«n-cf 

=J 9 JKOiftf - * t^jft* A . Y/c»ssia«s 
19-CY (StlE<S*)fc C(fe{S^) t»HIS*v. MAS 

,U4JT.fcSa«(f r -*l*. D/AJESS@P523r-7t 
a 70&®<g^lz8l&>1S tx. =. 9 24 t ffi A a *i 



—579— 



- 10 - 



t-x=>—shn<t*.&i&m-tz>. cats. > ^ U n 

>Sn- 7 22Ci'jT. |M ft ^ U 2 I ~ «9 » S & 
tH«4BT. Sf !:«IJt4. 

-=> s ic . BttaiBifOTt;* ji/t vsaiai *>& 

B*a»fflaf f **Tvff*»i«Tll. -fc SB 
©Aire. ^*'J3> hD-32li:iir. ia « 

>■< <) 21 ~ ©» S *<S it U. SSflk > * 'J 21 

■J 2) ft© a Six - 2 K*r{£Lfc*^-»jtfciii«iS: 

25S*^t 4. "Tit. H tfl * * <J 21 )D» <i SS * Hi 

- II - 

a S h a . 

»5-i»±iflii(5iSti8*tt. a « £ <S ffl © 

Xi7*;UTV5<S!«5<RllCDW»l3!»60«>BJWjn6O 
R& ©fBB-JSS^eOaK&iBi! b . * > • * 7 

v ss & * > b . a * & (§ m m 9 v 9 ji> t v s « 
s ifi9 «o « » a us 20 <?> T5i » ^- 2o» s ffl ^ © ia bo « 

0 7 7 i'">*Tvsfiii«5 *e.B<fc&<3flj©x^# 
mrre^*s«s-e«. ®«^m« © x •>' ? ^ t v a 

ni»t}itB«Sfiaf S4J:}t'.t4 ; tt-re 

Eft K« 16 W -C- 1* , gaaiBH<Dr^i';i'TVg 
Htll&tfBIJlMfflri'>*TVSill«(!i 



«M¥ 2-218279(4) 

& ih * 3 it? wi -it © r -r o >s (s t \z gf sa 2 . n c 

a fit a « ffl © x * ;i/ t v a » is 5 OH r- 1* . f» % 
aa»60«»iS!(A50»4 fil# n«MSSrBObi: b. 

* > ■ x65 H7t4. * b T . 

J:oT@<fe£<gfl?©xi''*.'l'TV:g«i8& 
J *.6ea«life7ta^)SV(A ; . MODEM?! 
© N C U 73 4 t£ fc © 1= « S3 »f 7 2 T- x 9 >l> x — 9 

c®?«Sft. s / p^ttigj8SDT-ari3-!i©H«ix- 
t; a? a . iCDBatfcji.^uBitc^siisn 

felSftf - f It - *t hn-5l2CJ;r.T 
St* JUS ft.. D/ASaiSISSSJfrta ^fflttft 

ft? k 2? « * ii. . *-*64icaj3tiS*ia. a © t- 
*>. * - 9 64 Ii ili <Si ;* r; 61 f*j © a * x - 4< tc *t 
« b * 7 - 8t> jfc re ft & 35 5s * * . b fc # o "C . 

a«s(3«OT^y*Tva«,tsi*<,i«fitafi 

- 12 - 

* ft. -F ft K . 9)m®it& £ . *U*7X.4v9-±. 
P/S0»t. S/Ftasfjt. SESHB. iHW«i24. 
tfRCUi«64iMODBMl:t>ll»T. M ft 58 

#/l/TVa»«Wfc©MT-fflS»C*5-»itiWft 

SgaT-S5ie.l;Ufc*!. * IS 193 1± c ft K ut a 
ft <../>&< t t, . M eh & (g H3 0 =f V f ;u 
TV8«mi!KP/SB»!:8il3at & a». m 

S/Pfsisst. t4»»t4rSt}t. iS»^rg«ra 

=f 'J 9 n> t v a * «t w *> e, a a s m m <n 7 * 9 >v 

TVa«»W'Na«(£<5iS-CS<frt;»T?fe*ulfJ; 

^ . m x- \i . Boiftaefflof Mvsa 

« 1 tfj IC JS ^ -C. «J^ia!8 20tS/Pia!*29t* 

C^8SlSHl9©aiSWSri£SSlS«iX=e>;2ik:M^ 

b. a»>^'J21CDai^«!&i£gfP/S03ft26t 

« •& r a . -t u t . is tft a <g « © x >J 9 J\> T V s- 
S 0866i:gM87ii fe«iSL. iJiifliJSfglflWx 



- 13 - 



—580— 



i? ? ju T v & 1» ® 1 M ft * M & 13 m a> r & s> n> 

* J: y . 

LIE "93 CO « »] 

lit. _t te <z> <t ? . Bflsaeraafi'^^Tv 

<Sffl<7)^ r i'3'/l'TVSa«fc»Bff*> j e 'J fc: s5 S i& 
ihfeiS«f-J6. £ ^ U X BUSS 

;i-t vsaittiii8t»±sftfflEJi#r3i. 

t Jt -a « t? it & < . m n <x> n& ss *a sa & w >•> -c «s 



mmW- 2-218279(5) 

4 . 0 as » «ef m * 8ft m 
att*»«i;J;5fi;*;i'TVg«i®IH!B8il3 

2fifJB0)T ^ * /HT V£»tft. 18, 5ft-A/D3E 
!1. 61- H* * >J . 22. 62- * * V 3 
>ha-5. 23. 63 - D / A @ BS . 24. B4 - 

* = 26- p> s se«0«(afe?d ■ E*i8s«tsi 
3i <o-ftS»(8. 60"«»ig». 

69- S / P SEfcEII* (SCOT • 3fe 58 » 0 35) . *2- 
HNS. 

ai C3 a «5K^*fcs±ia-s*5-'i 
ft a a * a 1 

n »M± in M ■ 



—581 — 



<fr§B¥ 2-218279(6) 




' * Cl'PD - Patent - 2095435 



Page 1 of 3 



H*i«fl todvslty Industrie 
Bt| Canada Canada 



Canada 



Contact Us 
Site Map 



About Us 



Canada Site 
Registrator 



Strategis Index: 

strategis.gc.ca z 



I DEFG HIIKLMNOPQRSTUVWXY C I P O ^|pf O P I C 





f„ Canadian Inte.lec 


t ua. Property Office^ 






J 



Canadian Patents Database 

(12) Patent: 



02/27/2003 - 08:09:01 
(11) CA 2095435 



(54) VSB HDTV TRANSMISSION SYSTEM WITH REDUCED NTSC CO-CHANNEL 
INTERFERENCE 

(54) SYSTEME DE TELEDIFFUSION HAUTE DEFINITION A BOITE DE 
COMMANDE VIDEO AVEC INTERFERENCE REDUITE SELON LA NORME NTSC 

Representative Drawing: 




View or Download Images 



ABSTRACT: 

A television signal transmission signal comprises a suppressed carrier, VSB signal having 
respective Nyquist slopes at the lower and upper edges of a 6MHz television channel, the 
center frequency of the Nyquist slope at the lower edge of the channel being substantially 
coincident with the frequency of the suppressed carrier, and the pilot signal in quadrature 
relation with the suppressed carrier. The suppressed carrier is modulated by an N-level 
digitally encoded signal having a sample rate fs substantially equal to three times the NTSC 
color subcarrier frequency, with the frequency of the color subcarrier being less than the co 
channel NTSC picture carrier by an amount equal to about fs/12. The received signal is 
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(57) Signal de transmission de signaux de television 
comprenant une porteuse supprimee, un signal BLR 
ay ant des pentes de Nyquist respectives sur les bords 
inferieur et superieur d'un canal de television de 6MHz, 
la frequence centrale de la pente de Nyquist sur le bord 
inferieur du canal coi'ncidant pratiquement avec la 
frequence de la porteuse supprimee, et un signal pilote en 
relation de quadrature avec la porteuse supprimee. La 
porteuse supprimee est modulee par un signal code 
numeriquement de niveau N ayant un rythme 
d'echantillonnage fs pratiquement egal a trois fois la 
frequence de la sous-porteuse couleur NTSC, la 



(57) A television signal transmission signal comprises a 
suppressed carrier, VSB signal having respective 
Nyquist slopes at the lower and upper edges of a 
6MHz television channel, the center frequency of the 
Nyquist slope at the lower edge of the channel being 
substantially coincident with the frequency of the 
suppressed carrier, and the pilot signal in quadrature 
relation with the suppressed carrier. The suppressed 
carrier is modulated by an N-level digitally encoded 
signal having a sample rate fs substantially equal to three 
times the NTSC color subcarrier frequency, with the 
frequency of the color subcarrier being less than the 
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frequence de la sous-porteuse couleur etant inferieure 
d'une valeur egale a environ fs/12 a la porteuse d'image 
NTSC dans un meme canal. Le signal recu est demodule 
par un detecteur synchrone en reponse au signal pilote 
recu et les elements de battement NTSC parasites sont 
attenues par un filtre lineaire produisant des flancs raides 
a fs/12, 5fs/12 et fs/2. La sortie du filtre comprend un 
signal de niveau M, M etant superieur a N, qui est 
converti en un signal de sortie de niveau N representant 
l'image televisee. 



co-channel NTSC picture carrier by an amount equal to 
about fs/12. The received signal is demodulated by a 
synchronous detector in response to the received pilot 
signal and interfering NTSC beat components are 
attenuated by a linear filter having notches at fs/12, 
5fs/12 and fs/2. The output of the filter comprises an 
M-level signal, where M = greater than N, which is 
converted to a N-level output signal representing the 
televised image. 
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ABSTRACT OF THE DISCLOSURE 



A television signal transmission signal comprises a 
suppressed carrier, VSB signal having respective Nyguist 
slopes at the lower and upper edges of a 6MHz television 
channel, the center frequency of the Nyguist slope at the 
lower edge of the channel being substantially coincident with 
the frequency of the suppressed carrier, and the pilot signal 
in quadrature relation with the suppressed carrier. The 
suppressed carrier is modulated by an N-level digitally 
encoded signal having a sample rate fs substantially equal to 
three times the NTSC color subcarrier frequency, with the 
frequency of the color subcarrier being less than the co- 
channel NTSC picture carrier by an amount equal to about 
fs/12. The received signal is demodulated by a synchronous 
detector in response to the received pilot signal and 
interfering NTSC beat components are attenuated by a linear 
filter having notches at fs/12, 5fs/12 and fs/2. The output 
of the filter comprises an M-level signal, where M = greater 
than N, which is converted to a N-level output signal 
representing the televised image. 
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VSB HDTV TRANSMISSION SYSTEM WITH REDUCED 
NTSC CO-CHANNEL INTERFERENCE 

The present invention generally relates to 
television signal transmission systems and particularly 
concerns a vestigial sideband (VSB) digital television 
signal transmission system having reduced susceptibility 
to NTSC co-channel interference. 

The National Television Standards Committee is an 
industry group that defines how television signals are 
encoded and transmitted in the U.S. 

Simulcast broadcasting is a technique which has been 
proposed for providing high definition television 
services without obsoleting the large installed base of 
NTSC receivers. Simply put, simulcast broadcasting 
contemplates simultaneous transmission of identical 
program material encoded in two different formats over 
respective 6MHz television channels. Thus, for example, 
a particular program may be encoded in NTSC format for 
transmission over a first 6MHz television channel and in 
an HDTV format for transmission over a second different 
6MHz television channel. Viewers equipped only with NTSC 
receivers would therefore be able to receive and 
reproduce the program encoded in NTSC format by tuning 
the first channel, while viewers equipped with HDTV 
receivers would be able to receive and reproduce the same 
program encoded in HDTV format by tuning the second 
channel. 

The foregoing, of course, contemplates the 
allocation of additional 6MHz television channels for the 
transmission of HDTV encoded signals within a given NTSC 
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service area. While such additional channels are 
generally available for this purpose, at least some of 
the same channels are also quite likely to be allocated 
for NTSC transmissions in nearby television service 
areas. This raises the problem of co-channel 
interference where HDTV and NTSC transmissions over the 
same channel in nearby television service areas interfere 
with one another. NTSC co-channel interference into a 
received HDTV signal is of particular concern due to the 
relatively large picture and color carriers 
characterizing an NTSC transmission. HDTV systems 
employing an all digital transmission standard further 
add to this concern, since excessive NTSC co-channel 
interference from a nearby transmitter could abruptly 
render an HDTV receiver incapable of reproducing any 
image rather than gradually degrading the performance of 
the receiver. 

A number of proposed HDTV systems contemplate a 
transmission standard comprising a pair of amplitude 
modulated, double sideband components having respective 
suppressed quadrature carriers located in the middle of a 
6MHz television channel. While this transmission standard 
has certain desirable attributes, it also has a number of 
disadvantages. First and foremost, cross talk between 
the two quadrature channels can significantly degrade 
receiver performance unless special care is taken to 
avoid or compensate for the causes of such cross talk. 
Other forms of transmission standards, e.g. VSB 
transmission, are not subject to the cross talk 
disadvantage and are equally desirable in other respects, 
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especially where the transmission is effected in a 
digital format . The problem of NTSC co-channel 
interference, however, remains an important consideration 
before such a transmission standard can be successfully 
employed. 

Accordingly the invention provides a method of 
providing a transmission signal for transmission over a 
selected channel comprising providing an N- level 
digitally encoded signal at a sample rate fs; and 
modulating a carrier signal with said N- level digitally 
encoded signal for forming a suppressed carrier VSB 
transmission signal wherein said transmission signal has 
a Nyquist bandwidth of fs/2, said carrier signal having a 
frequency below the picture and color subcarrier 
frequencies (fpix) and (fcs) of an NTSC co- channel signal 
of said selected channel by respective first and second 
predetermined frequencies; said VSB signal having 
respective Nyquist slopes at the lower and upper edges of 
said selected channel, the center frequency of the 
Nyquist slope at the lower edge of said selected channel 
being substantially coincident with the frequency (fc) of 
said carrier signal and the center frequency of the 
Nyquist slope at the upper edge of said selected channel 
being substantially coincident with the frequency (fc) of 
said carrier signal plus fs/2. 

These and other features and advantages of the 
invention will be apparent upon reading the following 
description in conjunction with the drawings, in which: 

Fig. 1 is a block diagram of a television signal 
transmission system constructed in accordance with the 
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invention; 

Fig. 2 is a graph illustrating the spectrum of a 
6MHz HDTV television channel in accordance with the 
invention . 

Fig. 3 is a graph illustrating the response of an 
HDTV receiver of the invention to co-channel HDTV and 
NTSC transmission; 

Figs . 4A and 4B are block diagrams of complimentary 
circuits which may be used in the transmitter and 
receiver respectively of Fig. l in accordance with the 
invention; 

Figs . 5A and 5B depict the impulse response 
characteristics of the circuits shown in Figs. 4A and 4B 
respectively; 

Fig. 6 is a graph illustrating the frequency domain 
response of the circuit shown in Fig. 4B; 

Figs . 7A and 7B are block diagrams of additional 
complimentary circuits which may be used in the 
transmitter and receiver respectively of Fig. 1 in 
accordance with the invention; 

Figs. 8A and 8B depict the impulse response 
characteristics of the circuits shown in Figs. 7A and 7B 
respectively; 

Fig. 9 is a graph illustrating the frequency domain 
response of the circuit shown in Fig. 8B; 

Figs. 10A and 10B are block diagrams of composite 
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circuits which combine the functions of the circuits of 
Figs. 4A, 7A and Figs. 4B, 7B respectively; 

Figs. 11A and 11B depict the impulse -response 
characteristics of the circuits shown in Figs. 10A and 10B 
respectively; 

Fig. 12 is a graph illustrating the frequency 
domain response of the'-circuit shown in Fig. 11B. 

Fig. 13A and 13B are block diagrams of a further 
complimentary circuit pair which may be used in the 
transmitter and receiver respectively of Fig. 1 in 
accordance with the invention; 

Fig. 14A and 14B depicts the impulse response 
characteristics of the circuits shown in Figs. 13A and 13B 
respectively; 

Fig. 15 is a graph illustrating the frequency 
domain response of the circuit shown in Fig. 13B; and; 

Fig. 16 is a block diagram of a co-channel 
interference filter which may be incorporated in the 
receiver of Fig. 1. 

The problem addressed by the present invention is 
generally illustrated in the block diagram of Fig. 1. - An 
HDTV transmitter, designated generally by reference 
numeral 10, broadcasts an HDTV encoded signal over a 
selected 6MHz television channel for reception and 
reproduction by a corresponding HDTV receiver 100 tuned to 
the selected channel. At the same time, an NTSC 
transmitter 200 broadcasts an NTSC encoded signal over the 
same channel in a nearby television service area. 
Depending on various factors including its physical 
location, the HDTV receiver 100 may thus receive an 
undesired interfering component of considerable strength 
from the NTSC transmitter 200 in addition to the desired 
signal from HDTV transmitter 10. Since the undesired 
interfering signal is transmitted on the same channel as 
the desired HDTV signal, it is commonly referred to as 
co-channel interference. The co-channel interfering 
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signal in the HDTV receiver especially poses a problem in 
the case where an all digital HDTV transmission standard 
is employed. In particular, if the co-channel interfering 
signal is of sufficient strength to "swamp out" the 
digital HDTV signal in the receiver, the ability of the 
receiver to reproduce an image of any quality may be 
completely compromised. Moreover, this impairment of the 
HDTV receiver may arise guitJe abruptly with variations in 
the strength of the interfering NTSC co-channel signal. 
This is in contrast to analog HDTV transmission systems in 
which variations in the strength of the interfering NTSC 
co-channel signal cause gradual changes in the 
signal-to-noise performance of the receiver. 

As is well known in the art, the spectrum of the 
interfering NTSC co-channel signal occupies a 6 MHz 
television channel and includes a luma component, a chroma 
component and an audio component. The luma component has 
a bandwidth of about 4MHz and is modulated on a picture 
carrier spaced 1.25MHz from one end of the channel. The 
chroma component, which has a bandwidth of about 1MHz, is 
modulated on a subcarrier spaced about 3.58MHz from the 
picture carrier. The audio component is modulated on a 
carrier spaced 0.25MHz from the other end of the channel 
(i.e. 4.5MHz from the picture carrier). The major 
contributors to co-channel interference are the relatively 
large NTSC picture carrier and chroma subcarrier, and to a 
lesser extent the audio carrier. 

Fig. 2 illustrates the spectrum of an HDTV 
transmission channel according to the present invention. 
The channel occupies 6 MHz corresponding to an NTSC 
transmission channel through which a VSB signal is 
transmitted as illustrated. More particularly, . a 
respective Nyquist slope 12 is provided at each edge of 
the channel with a substantially flat response portion 14 
extending therebetween. The interval between the center 
frequencies 16 of the respective Nyquist slopes 12 define 
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the Nyquist bandwidth of the- channel *?hich can be 
expressed as fs/2, where fs is the sampling rate of the 
data to be transmitted through the channel. A suppressed 
picture, carrier fc for the channel is selected to have a 
frequency corresponding to the center frequency 16 of the 
Nyquist slope 12 at the lower edge of -the channel, which 
therefore comprises a vestigial sideband portion including 
the frequencies along Nyquist slope 12 at the lower edge 
I of the channel and a single sideband portion including the 
remaining frequencies up to the upper edge of the 
channel. It will be appreciated that modulation of the 
picture carrier fc results in quadrature components at all 
frequencies except the frequency of the picture carrier 
itself. This allows a quadrature pilot fp to be inserted 
in the channel at the frequency of the picture carrier f c 
to facilitate its regeneration at the receiver without 
interference from quadrature components resulting from 
modulation of the picture carrier. 

In accordance with the invention, the Nyquist 
bandwidth fs/2 of the channel can be thought of as being 
divided into six (6) equal parts. The interval between 
the co-channel NTSC picture carrier fpix and color 
subcarrier fcs, taken in relation to the picture carrier 
frequency fpix, is defined as comprising four (4) of the 
six (6) parts,, such that fcs - (4/6) fs/2. Therefore, fcs 
= fs/3 or, stated otherwise, the sampling rate fs - 3 fcs, 
which equals approximately 10.762 MHz. Furthermore, in 
accordance with the foregoing the interval between the 
picture carrier fc and the co-channel NTSC picture carrier 
fpix comprises fs/12 and the interval between the center 
frequency 16 of the Nyquist slope 12 at the upper edge of 
the channel and the co-channel NTSC color subcarrier fcs 
likewise equals fs/12. The intervals from the center 
frequencies 16 of the Nyquist slopes 12 to the respective 
channel edges thus comprise approximately 309.5 KHz. 

Fig. 3 depicts the baseband response of HDTV 
receiver 100. As illustrated in this figure, the nominal 
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response of the HDTV receiver is substantially flat across 
the channel as represented by curve 20, and is 
characterized by a Nyquist bandwidth of fs/2. ' The 
baseband HDTV signal is preferably produced by a 
synchronous detector in response to a regenerated carrier 
having a frequency and. phase corresponding to the 
suppressed HDTV carrier fc. In the presence of an NTSC 
co-channel signal, detection in response to the 
regenerated carrier will also provide a pair of 
interfering beat signals at frequencies corresponding to 
fs/12 and 5fs/12. In particular, a first interfering beat 
signal will be produced at a frequency corresponding to 
fs/12 in response to the regenerated carrier and the NTSC 
picture carrier and a second beat signal will be produced 
at a frequency corresponding to 5fs/12 in response to the 
regenerated carrier and the NTSC chroma subcarrier. The 
interfering beat signals are represented in Fig. 3 by 
reference numerals 22 and 24 respectively. As will be 
explained in further detail hereinafter, receiver 100 
includes a filter having a response including respective 
notches at these two beat frequencies, as represented by 
reference numeral 26, for reducing the effect of the 
co-channel interference beats. 

It may be desirable to lock the data sampling 
rate fs to a multiple of the horizontal scanning rate fh 
of the NTSC transmission to, for example, facilitate 
conversion between NTSC and HDTV encoded signals. 
Relating the nominal video sampling rate fs to the NTSC 
horizontal scanning rate fh provides: 

fs = 3fcs = 3<455fh/2) = 682. 5fh 
Therefore, in order to establish an integral 
relation between, fs and fh, fs can be selected to equal a 
multiple of fh between, for example, 680 and 684. In a 
presently preferred embodiment of the invention, the 
sampling rate fs has been selected to equal 684 fh. In 
any case, the notches of response 26 will slightly deviate 
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from their nominal frequencies, but this can be at least 
partially offset by slightly shifting the HDTV RF channel 
so that the NTSC interference beats more closely coincide 
with the deviated notches. For example, this may be 
achieved in the case where the video sampling rate fs is 
selected to be 684 fh by shifting the RF channel by about 
33 KHz toward its lower edge. It may also be desirable to 
further slightly shift the RF channel for setting the 
picture carrier frequency fc equal to an integer multiple 
of one-half the NTSC horizontal line rate to, for example, 
facilitate the use of a line cosh to recover certain 
components of the HDTV signal, such as a sync component. 

in accordance with the foregoing, and 1 referring 
back to Fig. 1, the HDTV transmitter 10 comprises a video 
source 30 receiving a clock signal fs from a clock 
generator 31 to provide a digital video signal having a 
bandwidth of up to about 37 MHz at a data sampling rate of 
fs, where fs is nominally equal to 3 fcs. As explained 
previously, the sampling rate may have an integral 
relation to the NTSC horizontal rate fh, for example, fs ■ 
684fh. Although not limited thereto, the video signal 
provided by source 30 preferably comprises 787.5 
progressively scanned lines per frame, 72 0 of which 
represent active video, having a vertical repetition rate 
corresponding to the NTSC field rate and a horizontal 
repetition rate corresponding to three times the NTSC 
horizontal scanning rate. The video signal developed by 
source 30 is applied to a video compressor 32 which 
compresses the 37MHz video signal sufficiently to allow 
for its transmission through a standard 6MHz .television 
channel. The compressed video signal is then coupled to a 
precoder 34, which will be described in further detail 
hereinafter, and therefrom to a VSB modulator 36 for 
transmission. Both compressor 32 and precoder -34 are 
operated in response to clock signal fs from clock 
generator 31. Modulator 36 is supplied with a carrier 
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signal having a nominal frequency of fs/12 less than the 
corresponding NTSC picture carrier frequency. -_Also, a 
quadrature component of the carrier signal is applied to 
modulator 36 to facilitate generation of the quadrature 
pilot signal fp. The frequencies of the clock and carrier 
signals can, of course, be slightly adjusted from the 
nominal values as previously described. The video signal 
is transmitted as a sequence of N-level data samples, with 
the transmission preferably being effected by modulator 36 
in the form of a suppressed carrier, VSB signal as 
illustrated in Figure 2, with the quadrature pilot signal 
fp being provided to facilitate regeneration of the 
carrier in receiver 100. 

Receiver 100 includes a tuner and IF stage 110 
tuned to the 6MHz television channel over which the HDTV 
signal is transmitted. The tuned HDTV signal, together 
with a co-channel NTSC signal broadcast on the same 
channel by transmitter 200 in a nearby television service 
area, are converted to an IF frequency in stage 110 and 
coupled to the input of a synchronous detector 120. The 
output of stage 110 is also coupled to a carrier 
regenerator 130 which is responsive to the received pilot 
signal for regenerating a signal having a frequency equal 
to but in quadrature with the HDTV suppressed carrier fc. 
Carrier regenerator 130 preferably comprises a narrow band 
frequency and phase locked loop circuit. The regenerated 
carrier is applied to a 90° phase shift circuit 132 and 
therefrom to a second input of synchronous detector 120. 
The output of synchronous detector 120, which is 
represented by the response curves of Fig. 3, thus 
includes the desired HDTV component, represented by curve 
20^ and the undesired NTSC co-channel picture and chroma 
beat components represented by signals 22 and 24 
respectively. As described previously, the beat 
components occur at frequencies substantially 
corresponding to fs/12 and 5fs/12 and are produced as a 
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result of beating the regenerated HDTV carrier with the 
NTSC picture carrier and the NTSC chroma subcarrier 
respectively. 

The output of synchronous detector 120 is coupled 
to a clock circuit 122 which regenerates clock signal fs 
and to the input of a filter and decoder stage 140. Stage 
140 comprises a linear filter having a response 
represented by curve 26 of Fig. 3. This response includes 
a null at frequencies corresponding to both fs/12 and 
5fs/12 to cancel or substantially cancel both the 
interfering NTSC picture and chroma beats. As explained 

in United States Patent 5,086,340, while a 

linear filter may be provided for producing nulls to 
reduce interfering NTSC co-channel signals in an HDTV 
receiver, it may also introduce intersymbol interference 
in the received HDTV digitally encoded data. This problem 
may be avoided by the use of precoder 34 in the HDTV 
transmitter to condition the compressed digital HDTV 
signal as fully explained in the aforesaid U.S. 
patent . 

An exemplary precoder circuit and a complimentary 
linear filter, preferably comprising a comb filter, are 
illustrated in Figs. 4A and 4B respectively. The comb 
filter comprises a feedforward circuit coupling the output 
of synchronous detector 120 to the input of a delay 
circuit 142 and to one input of a summer 144. The output 
of delay circuit 142 is coupled to a second input of 
summer 144. Summer 144 adds the delayed signal to the 
undelayed signal and, assuming the use of a four level 
digitally encoded signal, couples the result to a 7-level 
slicer 146. The output of slicer 146 is coupled to a 
7-level to 4-level converter 148 which maps the seven 
level output of slicer 146 to a four level output 
corresponding to the digitally encoded signal produced at 
the output of compressor 32 of transmitter 10. The 
impulse response of the comb filter is illustrated in Fig. 
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5B. The complimentary precoder of Fig. 4A comprises a 
feedback circuit comprising a modulo-4 adder 141 receiving 
the output of compressor 32 at a first input. ' The output 
of adder 141 is fed back through a delay 143 and a 4's 
compliment circuit 145 to a second input of adder 141. 
The feedback signal is therefore effectively subtracted 
from the input signal. The impulse response of the 
precoder is illustrated in Fig. 5A. As fully explained in 
the previously mentioned United States Patent 5,086,340, 
the use of the precoder in transmitter 10 
facilitates the use of 7-level slicer 146 and 7-level to 
4-level converter 148 for eliminating the intersymbol 
interference introduced in the received HDTV digital data 
samples by the comb filter in receiver 100. 

In order to provide the desired complimentary 
operation of the precoder and comb filter illustrated in 
Figs. 4A and 4B, the delays characterizing delay circuits 
142 and 143 must be identical. Moreover, the delay 
characterizing the precoder roust be an integral multiple 
of the data sampling rate fs, i.e. D=N (1/fs), since the 
precoder 141 performs a purely digital operation. As a 
consequence, the delay characterizing delay circuit 142 of 
the comb filter must also be D=N (1/fs). The frequency 
response of the comb filter of Fig. 4B with N set equal to 
6 is illustrated in Fig. 6 and will be seen to include 
notches at both desired frequencies fs/12 and 5fs/12. At 
the -18db point each notch has a width of about 75 KHz. 

An additional complimentary precoder -filter pair 
may be provided for reducing the beat signal occurring 
near fs/2 caused by the NTSC co-channel audio carrier as 
illustrated in Figs. 7A and 7B respectively. The impulse 
responses of these circuits are shown in Figs. 8A and 8B 
respectively. The comb filter of Fig. 7B also comprises a 
feedforward circuit whose input is coupled to the input of 
a delay circuit 182 and to one input of a summer 184. The 
output of delay circuit 182 is coupled to the negative 
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input of summer 184 so that the delayed signal is 
subtracted from the input signal. Delay circuit 182 is 
characterized by a delay corresponding to 2/fs. Summer 
184 provides an output to a 7-level slicer 190, the output 
of which is then applied to a 7-level to 4-level converter 
192 which maps the 7-level output of slicer 190 to a 
4-level output. The frequency response of the comb filter 
of Fig. 7B is illustrated in Fig. 9 and will be seen to 
include a notch at fs/2 as desired for attenuating the 
NTSC co-channel audio beat. 

The complimentary precoder circuit of -Fig. 7A 
comprises a feedback circuit comprising a modulo-4 adder -- 
191 receiving the output of compressor 32 at a first 
input. The output of adder 191 is fed back through a 
delay circuit 193 characterized by a delay corresponding 
to 2/fs. The output of delay circuit 193 is applied to 
the second input of adder 191 which therefore effectively 
adds the feedback signal to the input signal to produce 
the impulse response shown in Fig. 8A. 

The comb filters of Figs. 4B and 7B may be 
connected in series to effect attenuation of the NTSC 
co-channel picture carrier and color subcarrier beats as 
well as the NTSC co-channel audio carrier beat. 
Alternatively, the impulse responses of the two comb 
filters may be convolved to derive a composite impulse 
response from which a composite filter may be 
synthesized. This is illustrated in Figs. 10-12. In 
particular, Fig. 10A illustrates a precoder comprising the 
precoders of Figs. 4A and 7A connected in series, the 
impulse response of which is shown in Fig. 11A, while Fig. 
10B illustrates a complimentary comb filter circuit 
synthesized on the basis of the convolved impulse response 
shown in Fig. 11B. 

The comb filter of Fig. 10B comprises eight 1/fs 
delay elements 195 connected in series. The input signal 
from detector 120 is applied to the first delay element 
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195 and to a positive input of a summer 196. The outputs 
of the second and eighth delay elements 195 are applied to 
respective negative inputs of summer -196 and the output of 
the sixth delay element 195 is applied to a positive input 
of summer 196. The frequency response of the filter is 
illustrated in Fig. 12 and will be seen to comprise 
notches at all three beat frequencies, fs/12, 5fs/12 and 
fs/2, as desired. The output of summer 196 is coupled to 
a 13 - level slicer 197 and therefrom to a 13/4 converter 
198. 

Alternatively, the complimentary precbder-f ilter 
pair illustrated in Figs. 13A and 13B respectively may be 
used to attenuate the NTSC picture carrier, color 
subcarrier and audio carrier beats occurring at 
frequencies corresponding to about fs/12, 5fs/12 and fs/2 
respectively. The impulse responses of these circuits are 
shown in Figs. 14A and 14B respectively. The filter of 
Fig. 13B comprises a feedforward circuit whose input is 
coupled to the input of a delay circuit 200 and to one 
input of a summer 202. The output of delay circuit 200 is 
coupled to the negative input of summer 202 so that the 
delayed signal is subtracted from the input signal. Delay 
Circuit 200 is characterized by a delay corresponding to 
12/fs. Summer 202 provides an output to a 7-level slicer 
204, the output of which is applied to a 7-level to 
4-level converter 206 which maps the 7-level output of 
slicer 204 to a 4 level output. The frequency response of 
the filter of Fig. 13B is illustrated in Fig. 15 and will 
be seen to include notches at fs/12, 5fs/12 and fs/2 for 
attenuating the NTSC co-channel beat signals. 

The complimentary precoder of Fig. 13A comprises 
a feedback circuit comprising a modulo-4 adder 208 
receiving the output of compressor 32 at a first input. 
The output of adder 208 is fed back through a delay 
circuit 210 characterized by a delay corresponding to 
12/fs. The output of delay circuit 210 is applied to the 
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second input of adder 208 which therefore effectively adds 
the feedback signal from delay circuit 210 to the input 
signal to produce the impulse response shown in Fig. 14A. 

In the absence of co-channel interference from an 
NTSC transmitter, a complimentary feed-forward decoder can 
be used in any of the embodiments of Figs. 4B, 7B, 10B and 
13B to decode the precoded signal as explained in the 
aforesaid U. S. application. This avoids the noise 
degradation introduced by the comb filters. 

Finally, referring back to Fig. 1, the output of 
the comb filter and decoder 140 is coupled to an expansion 
circuit 150 for reconstructing a wideband video signal 
representing the original 37 MHz video source signal. The 
reconstructed signal is applied to a display 160 for 
displaying the reconstructed image. 

In the alternative, filter and decoder 140 may be 
implemented in the form illustrated in Fig. 16. In this 
case, the use of precoder 34 in transmitter 10 is not 
required. Referring to Fig. 16, the filter arrangement 
comprises a series combination of a comb filter 238 and an 
intersymbol interference filter 259. Comb filter 238 is 
operative to reduce co-channel interference at its input 
but also produces an undesired intersymbol interference 
signal. Intersymbol interference filter 259 is operative 
to remove this intersymbol interference signal. 

More specifically, comb filter 238 includes a 
summer network 231 having a first positive input coupled 
for receiving the data from detector 120 and a second 
positive input for receiving the data through a delay 
network 235 and an amplifier 240. Delay 235 is preferably 
selected to produce a signal delay precisely equal to a 
selected NTSC periodicity characteristic and the gain of 
amplifier. 240 is chosen to produce a feed forward gain of 
less than one. Intersymbol interference filter 259 
includes a summer 250 having a positive input coupled to 
receive the output of summer 231, a negative input and an 
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output. A data slieer 254 has an input coupled to the 
output of summer 250 and an output coupled to a data 
output terminal 260. The output of data slieer 254 is fed 
back to the negative input of summer 250 through a delay 
261 (providing a delay equal to that of delay 235) and an 
amplifier 264. Data slieer 254 and delay 261 are operated 
in response to a clock recovery circuit 239 which produces 
a clock signal ihat is maintained at a multiple. of the 
selected NTSC periodicity. 

In operation, comb filter 238 is characterized by 
a frequency response selected for reducing selected NTSC 
co-channel interference signals. However, as mentioned 
previously, filter 238 also produces an undesired 
intersymbol interference signal. Filter 259 is effective 
for removing this intersymbol interference signal by 
producing a negative replica thereof which is used to 
cancel the former signal. As a result, the overall 
response of filters 238 and 259 is substantially free of 
both NTSC co-channel interference and intersymbol 
interference. 

It will be apparent to those skilled in the art 
that while the system set forth herein utilizes a four 
level digitally encoded signal, the present invention may 
be utilized in other digital systems using other digital 
encoding formats. 

What has thus been shown is a high definition 
television transmission system which substantially reduces 
NTSC co-channel interference without significantly 
degrading HDTV receiver performance. The system shown is 
capable of application to numerous types of digital 
processing formats for high definition television systems. 

While particular embodiments of the invention 
have been shown and described, it will be obvious to those 
skilled in the art that changes and modifications may be 
made without departing from the invention in its broader 
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cover all such changes and modifications as fall within 
the true spirit and scope of the invention. -_ 
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The embodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follows: 

1. A method of providing a transmission signal for 
transmission over a selected channel comprising providing 
an N- level digitally encoded signal at a sample rate fs; 
and modulating a carrier signal with said N- level 
digitally encoded signal for forming a suppressed carrier 
VSB transmission signal wherein said transmission signal 
has a Nyquist bandwidth of fs/2, said carrier signal 
having a frequency below the picture and color subcarrier 
frequencies (fpix) and (fcs) of an NTSC co-channel signal 
of said selected channel by respective first and second 
predetermined frequencies; said VSB signal having 
respective Nyquist slopes at the lower and upper edges of 
said selected channel, the center frequency of the 
Nyquist slope at the lower edge of said selected channel 
being substantially coincident with the frequency (fc) of 
said carrier signal and the center frequency of the 
Nyquist slope at the upper edge of said selected channel 
being substantially coincident with the frequency (fc) of 
said carrier signal plus fs/2. 

2. The method of claim 1, including providing a 
pilot signal at the frequency (fc) of said suppressed 
carrier. 

3. The method of claim 1 or 2, wherein said sample rate 
fs is substantially equal to an integer multiple of the 
NTSC horizontal scanning frequency (fh) . 

4. The method of any one of claims 1, 2 and 3, wherein 
said selected channel is a television channel and has a 
bandwidth substantially equal to the bandwidth of said 
NTSC co-channel signal. 
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5. The method of any one of claims 1 to 4, 
wherein said picture and color subcarrier frequencies 
(fpix) and (fcs) have respective frequencies 
substantially equal to (fc+fs/L) and (f c+f s (P/L) ) , where 
L and P are selected integers with P being less than L. 

6. A receiver for receiving a signal transmitted 
over a selected channel comprising means for receiving a 
signal comprising a suppressed carrier VSB transmission 
signal modulated by an N- level digitally encoded signal 
having a sample rate fs; including said received signal 
having a Nyquist bandwidth of fs/2, said carrier signal 
having a frequency below the picture and color subcarrier 
frequencies (fpix) and (fcs) of an NTSC co-channel signal 
of said selected channel by respective first and second 
predetermined frequencies; said VSB signal having 
respective Nyquist slopes at the lower and upper edges of 
said selected channel, the center frequency of the 
Nyquist slope at the lower edge of said selected channel 
being substantially coincident with the frequency (fc) of 
said carrier signal and the center frequency of the 
Nyquist slope at the upper edge of said selected channel 
being substantially coincident with the frequency (fc) of 
said carrier signal plus fs/2; and demodulation means 
coupled to said receiving means for recovering said N- 
level digitally encoded signal. 

7. The receiver of claim 6, wherein said selected 
channel is a television channel having a bandwidth 
substantially equal to the bandwidth of said NTSC co- 
channel signal . 
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8. The receiver of any one of claims 6 and 7, wherein 
said received signal includes a pilot signal at the 
frequency (fc) of said carrier, and further including 
means responsive to the received pilot signal for 
regenerating a demodulation signal having a frequency 
corresponding to the frequency (fc) of said suppressed 
carrier. 

9. The receiver of any one of claims 6, 7 and 8, 
wherein said sample rate fs is substantially equal to an 
integer multiple of the NTSC horizontal scanning 
frequency . 

10. The receiver of any one of claims 6 to 9, 
wherein said demodulation means includes filter means 
(Fig. 4B, 7B, 10B, 13B, or 16) having respective filter 
notches at frequencies substantially equal to fpix-fc and 
fcs-fc for attenuating interference from said NTSC co- 
channel signal. 

11. The receiver of claim 10, wherein said picture 
and color subcarrier frequencies (fpix) and (fcs) have 
respective frequencies substantially equal to (fc+fB/L) 
and (fc+fs(P/L) ) , where L and P are selected integers 
with P being less than L, and wherein said filter means 
notches are at respective frequencies substantially equal 
to (fs/L) and f s (P/L) . 

12. The receiver of claim 10, wherein the frequency 
response of said filter means includes yet a further 
notch at a frequency substantially equal to the 
difference between the frequency (fc) of said suppressed 
carrier and the frequency (fa) of the audio carrier of 
said interfering co-channel television signal. 
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13. The receiver of claim 10, wherein aid filter 
means comprises means for developing an M-level output 
signal, where M is greater than N, and further including 
means for converting said M-level output signal to an N- 
level signal representing said N- level digitally encoded 
signal . 
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PURPOSE:To attain data communication as well by bypassing a Reed-Solomon encoder/decoder and 
an interleaver/de-interleaver at the time of voice signal, altering the bit rate of a PSK MODEM, and 
eliminating the time delay of voice communication. . m . . Qc .. ". 

CONSTITUTIONS signal switch 22 outputs an output signal from a data input terminal 1 as it is 
according to a control signal inputted from a control terminal 21 at the time of the voice 
communication, and outputs the output signal of an interleaver 3 at the time of the data 
communication. The control signal inputted from the control terminal 21 is generated by manual 
switching. On the other hand, when a Reed-Solomon encoder 2 and the interleaver 3 are bypassed, 
since the addition of a check symbol is eliminated, a data bit inputted to a convolution encoder 4 is 
changed. For this reason, a PSK modulator 23 is made into a bit rate variable type, and by changing 
the bit rate by the control signal, the converter can cope with the switching. By the switching, the time 
delay in the voice communication is eliminated, and near BER=1X10<3>. the deterioration of the error 
rate is made negligible. 
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Abstract 



PURPOSE-To increase a transmission capacity of an OFDM while minimizing ^ drtenoratoon in a bit 
error rate characteristic due to the effect of crosstalk or the like and to attain digital TV broadcast 

n a wWth of a e ba nd of an existing-channel of a TV broadcast by selecting kinds , of 8 or more 
^nnai ooints and sending data of 3-bit or more with one transmission symbol of a earner. 
CO^STrnJTKDN ^transmission data allocating current 13 for each carrier ^^^^SSt^ 

transmission symbol of data subjected to interleaving to plural earners. Digital data allocated to 
each wrriS fl ^converted into a complex number in response to the bit pattern by a data generating 
circuit "3 on ^e frequency axis. The absolute value and the argument of a signal point on a complex 
n ani ^corresDond to the amplitude and the phase taken by each carrier. The frequency axis data 
Je^raSnJSSa 14 appliTs'octa. phase PSK modulation to each earner and 3-bit data per one signal 

point are sent. 
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ft, msm^mm^^^m^tzT±^^TvtsLm 

kli3-©^>*^T-^-5i§£rlc:fcv^ 

^^©OFDM^T - ^ *)T<Di&<®*, ^tiutt-vm 
«afc»«® 0 F D M-y- 7* * 'J 7(DWM 4 *) * < f 
5 H t ft 4335 t -T 5 0 F D Mfe&Tiffi i: T 6 * ©T & 
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[ooi i] £fc> a»o-y-y*+'J7©ttJ-e, h5I3^- 

* ) 7C#<-rS^I6i:. Btii3«ISO-9-7-^^'j7'ftOFD 

MMirs^si:^ oFDMSsHsnfce^fceays* 

[0 0 1 2] *fc> Sfs**lfcOFDMS6Hfi^©4'<>' 
[0 0 13] 

[fWB] ±I3©3M££4oT, T^a^TVfifci£#&fig 
tftltC < VM«*R»«K:*^T 0 FDMtf7++ 'J 7" 
©l£tlft*§<-f i>©T-> T^o^TVftSSfc-S*.*** 30 
*fed>«:<filoi:BII*K:, OFDMSfflUfery^^T 

v&ii©i}W*ttftrR]±^-a- 5 c k#t- s s. 

[0 0 14] 

[SHS£0|J] J£TF, 0@ft#MLT#fP£©5^#Jft^ 
t5, Hl-tt, *JBW®0-FDMCiS*tt©— SOS*!* 

m-riatffts- 01 (a) a, /'^-D^Tvgfi^©^- 

•-f*7h7-f^©fiftftSU 01 (B) liOFDM 

KHtitax'** h;i/ft*vr. H l fc*^T, ioitt7 
± d y t v ge«c * It £ ± 4 * * V 7 4 fi> * ©^ s> 
1 0 2ttNTSC*SC©l!Mfe«a«> 10 3i4OFDM 40 
gMtiKOX^Z 10 4aOFDM*7^+U7S 

'J 7 (*-\*'J7S^l*>£n) ®S«fe« *titWM)Jl 
iSStfp^©^ 7" 'J7 (dr-^ , ;7'*-?-n+ 1 i^^N) 
©SB J: 9 < L"C, ^Wntfy^^WIt 

[0 0 15] lff©7tD^TViiSCfflv>?> 
nTVN?,NTSC^^©eiS73i£(C^VNTiiB^1-5>. 0 
2I4, NTSC#a©£>3l*Sft8MB-raB|-e(&a. N 5< 
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t s c*5St*^rtt, i»*e^ii«Bffl!i*#ififiieH 

(VSB-AM) #3C-??*W3ftS. H2 (A-) t^l' 

^{t-th-^tj-y-T 6 mh z ©jaaaRnta«-ces*n 

So SIHUC^T, W«e^ttBI2 (B) C*f«H4 
©7^;i/^ (t-f«b7-fM) ftjlofc&T-«§3£ 

»ttflf«fc*iHT O F D Mtf^* + 7©JS*B4*t < 

t£© 0 F D Mtf 7* +• U 7©JStl ft < T 5 - k t 4 
<, OFDM£^©Wtt«^TJ c ?-+>*>l'««©*ia!J 
[0 0 16] ttHlt*^T. fiH©««ta-tf-7"#* 

y 7"c*ft*ft*& a «$Bft<5£-r a c k c 4 oTe& 

^>X^A©{ifH4ftlS©2»-i:* s T-&i>c fiti©*&^ 

»; 7\ftm^(Dvy^^ u 74 5 *>fc&Sft§ 
m- < ^©t% sb©** y 7 , cafi«t7 i — 

*ftSiJ!)^T64?K-r6o #J;il4\ -«CiSflMS^U: 
<gJli£&J&#ft^<^A/T:^£©T-, iS{fc©effl&&U£ 

^■©t 1 -* «a«©*s v^■9•7•dr+ y rem *) s c 
k c ct ^ t . 5ss ft a it fc h t ©i®^© ^{b ft .'j>*e < -r 

[0017] *fcH 1 ^c:^v^T^ IBMO-JlttS*^* 

y 7*-tn*n«<t * ^ii7?^T-^ia-r % z. 1 1 i 
T-^fiiM^iftscwt-^. ^Jx.l^^ &n 
©^gv^7-^-vy7*ii6 4QAMsat-^u -en 

Wt7*++'J7l±l 6QAM*at«Ht4. tt« 

^^ft^faibi-s kJt#a tr©**tstt^-r < 
* s , SB©7^§^-y-7-dr^y7'ft j enw^©it7-^+u 

[0018] B3tt, m l©OFDMfi^73atli3lt?> 
-y^<f^l±^-f ^ >»3 1 5 CX*Sh, 
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3 0 1CA^$^T, PSK*SC-^QAM#St©»*J*l 

(^>^;u) tK**ns. '✓>#;n?^bS3 0i* 
f,©->>7t<;u?-^ (lWJES«>*5J;VQ«ifi£^) 14, it 
&Ji&£ISft&3 0 2lCA7J$nT> N<l©3£?iJ^>^;u 
CSftSftS. KW3£?y*»S3 0 2©tti73©*T% n 
«©S/>#fl/tt««a©a«*fHS3 0 3l:^n^tiA 
*^ix2.o ^*#§§3 0 3(l4oTS*i* s afgtz$n 
fcn<l©*>>tf;H4, 0 1 (B) CSl/ft*t'J7W 
l^&nro-y-r^+'JTtwjss-J-s I FFT?imgl3 0 

} v->#;H4. HI (B) CnrNU&*+UT*^n+l*» 
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ewaa^-r ;i/*4 o 6, 4 0 7ftii^T7'^-D^ r 7 : ^ 

*fl/<EftS4 0 8, 4 0 9CX*?h, f^^M^C 
8EBlSnS. 9Dy*ff£|g|B4 1 5lc«fcoT 

W££nfc*n-/^I^#7'^ny5 : ^*;i/g&gs4 0 
8, 4 0 9C{Jtt&SftS. *fc, BiSn&ftH'^ffl 
^l£*"f ^>^tHlSS4 1 6tA*^n, *^S.><7'[h]S& 

4 i 6iz&-DT£f&t?titz*-< ^yvm^-v&fEimzm 
jesns. ^^-o^y^^ajfts (a/d) 40 8, 
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?«©«*:?--* iBWaEJ«J«t!SS 4 1 0© 

W7jftFFTa§#§§4 1 lCA^btFFTSf^fo 
iiltZioT, OFDMSEH8tf>HMS<**xS. OFDM 

mn^nfcN<i©^>^;i/©*T-, u 7** 1 

n©1tr^^ 'J 7ffl8LH , »*^©fifittiai«T af* 
fcfeoT^S. bfc#oTGSI&l/a©ifiSliilfli§4 1 

2ftmvc7c©s«£t)i:-r. 0FDM«m£ftfcN<i 

©^>sK;wtt, tt9JB*IK*84 1 3£A*>£ftTig?iJ 
fcg&£ft£>. tt&JKaiKM4 1 3©tH±j(±, 
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1 A 1 e> n©f"7 r ^-+ 'J T\Z Xtlt a f>#;i/©SHft* 
£< Lt^Stf, £8ltt?iJ&MMB3 0 2©ffIfc:tt*jR|| 
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t, 7tn^TV§{|«S0t-fWh7-f;^©W 

7Jr+'J7 (**'J7'S*li>»e>n) ©S*Ift/g«>£o 
^5©0FDM£j£7j&ftfflV^;i£:£«fc-3-i:, 

;uTVg£«fc7:hnyTVgfl«©ttffl{bfcia!K * 

fcOFD M8UH8* ©«i«ft WHfrflir & d tifiS « £ . 

[0 0 2 4] H6l£, IH5©OFDMfiaWi£fc::»3tta 
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— iag : Rayleigh Process) ©ttffiTT?, ^LTJi^t: 
fc §<i * ft ft £ 4: * *BI+ ft r * V * * t 

©7 s ^*;ufs^©fit5£KS-f fto 
3 [0 0 0 2] 

[^*©ttii0] 1990^1im4BtBJfl!©*S^ 
HFlM,881,241 *CE***l4J:-5C» COFDM (Co 
ding Orthogonal Frequency Division Multiplex) i: U 

■elSii, *n«W-C|R^*ix4 4»©TfH:«i:V^ 

j: ft £H#& i: ft«*^to*-C ffl v>fc - 
i:^^a^v^Tv^fto d©«*tt«©^^T-AC»*©* 

^^tettx a«B©««£»aiRKK:i8-r*ia«ft«Rtei- 
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[0003] a&nfcw^b^attx «is§f*> 

*Ci>Cfc*f3F*f<bT;* U— K-VOtV (Reed-Solom 
on) ffl©W*MblcJ:-3fC8*RDIil(H**i*. 
tt, Ky;i/E©f»fc©#««>****l£ 

[0 0 0 4] Jffl&ftfc#iST?HU tt^itZtltzTJ V* 
So 20 

[0 0 0 5] s{g*ftfce^©«wfcM*fl'«j (®i2*J) 
frfcfc^tta tu> hT-&S. S$#«H3 GBSEfMI) © 
Witt**©^©®*^*©^?^-^*^ 

^notta******^ *ft* s -©#an:-;fc 
[0 0 0 6] saft-ctt, 3tv> htftnatR^tfta * ?> 

3dB oMWt^ac-fcft^IIBfct-*- bfrbfc* 5 ?), 

aso^^-fai'ttSstiaawcSfiii+aafiWiK^ 30 
$nssfs^iaTT-i±> ^aibo-f*x-?ft©«i3HKt^ 

C«bv^i:H:GI!e>* , "Ci&4. atl/VUBlolA, 

T£H*J&*fb&*<c:i:C**. c©cfctt, 
ttBtfe % v ^ tt S !W©2£Jg#*tAoi~ * i: § tJtai" S *I 

©t-fca. 

[0 0 0 7] I^StixK. 3tl/>MMStt, ^©JIS 
C^-Ctt«»a«J:!»JSl»fc»fl i -r*« , » 40 

Cff 4 16* ftS**" 3 ©t- 5 o 

[0008] mffimfagi&mv&LmizmTz 1990^2 m 

6 BtBSI©^a^fF^FR 90 01491*J (1991^1 S31B 
aPO*B»»F!807/648,89»C»*) ifibtabtlZJj 
c©#£tt. HttMMBffiWf-tfcfc^ 

Att, fttl^bT (i&SOtt) «BOlS*/W o y HH 50 



jSJSi: LTB$ M ffl ttftffitt£ JB**< ft fc * *« 

{i£ft5^t^-*gf&©RS©^»^to£ftfcJgfiJT£*f 
gfi«f©fi«*^t (feSVMi) tir*a©»^i: 

bttt^-ra. -©.toicb-c, iric±^t> ^ft^ 

[0 0 0 9] S&Cl¥b<tt, Slil&fflJS&SrCffflfitt, 
90 01491 ^CffittSftSJ: 

VN»©«#fc!fcRi:fS 
[0 0 10] 

[3PJ§#8¥*b<koi:-r6s$M] bfrb$;#S>, cft?> 
©^tt^^^±ms-r^^^^S«b^^v^^i:* s ^^ 
M{tS8©jfog#^±£§¥{ffi£nfci§ 

tt«a»«H tttm. bx p 1 1/ > h a«o«j»ttan 

TOKtt3dB T-feS©ts ^BSCtt0.5dB T?bJ&»fc^. d 

OSJKCltKf lTl^©T-fc?.. *%B^tt^ CCDft 

[0 0 11] $£CPb<fciU *»U8©B«Jtt, SS^-m 
HJ;tb8cbT2dB gJK©f&HBJStfJ»*f|-J-*» ftfflt 

m^WL^Mit^titc^^ y^;Ki^©p tv> Hffi^ 

©fci&O^BSfiUft-*"*^ bfc* s oT> #35 

qaolWtt, 8#©iMrP*'>B-b»&ft5-e©.fc-3& 

ii^sftu, tfttioT, «p^©iS5g^^at#t-sc 

[0 0 12] *»H©«j£©!«Jtt, »6ft-C^3«* 

[0 0 13] *%B^CDt,o lofflMIt j3Ht*ixS^ 
#ff fCI^tS - 1. ft«fcBfc «fc -5 >&^B^ffitt 

[0 0 14] «JE«ft*iSC*V^, *3fi^tt*fc, ffi 

%.<t}temm*ttin?2> - btcsfgr 5 1 & tsv^a 

H©1«F^*aJigt1-5fflJ«^ffi^ffi^1"4o 

[0 0 15] *f5WfflKBfc*astt% **s 

^caisu-ciaisn*. u*»b**«&, ^ne»tt&A 

[0 0 16] 

3R 13 J: -a T £iE * n HRf S *X * N <I © il2iSBii IH 
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ft U HulBfFfffil- 5 ^ Ifl! jPliliailSIHIB*-? Bui2-tl- > 7> 
©PSIM^ £fT a & V> l±* U > a ;U h" £§9!£-f 2. 

#® s « it t , » * ^ u «> a ^ k wTffl-y- > ^ * aau 

[0 0 17] £©#*Sfc*^TtiU <EH«a"CSeSft 

sKifSBs&fcJu -toBafflisfcA^aweto 

[0 0 1 8] 'jfftB^tttx *U*>3;i/K©tt*C»U 
2>L"<;i/©<x 2 ©flS&H-»(c5lt)^T-VNS. * 20 

[0 0 19] JffB^KtK ^U'>3;uHOtt^t«L 
[ 0 0 2 0 ] {if * L < tt> H#Wdje**tt*-f > M > 

^ia©±a^{ig-y-bK)e.n?)* s > Ttitfeottifi 

[0 0 2 1] SH»£Ctt, SfgSnttVT-MZ)^ 30 

JBB©*»T?sfe»>. mJlBISIB'M >P©*MW (N- 
M) n©-ifD©?Ui:Mjl©^gi$tifca^SlS©*DPt{c 

[0 0 2 2] WfiafflttRfiBac^ESn 

n t U > HWt4fc»©*a"P6^T. tufa 

»»#iStt7 - >j «fc titles s t § t <b 

T-mifa^?tT<fe-9->^fc^©l^ra^'f > H (f 
„ ) i:©JIIWfcfT5a»i^ *LT, hu13SW©^^B$ 
IHIflB«*» JBIifi»««t» 6 tifc* > 7;u©S££&£fT 

£ ^ u ~> 3 ;u KftlTo* > 7;i/feSMlE b < Bfc£-r 
[0 0 2 3] «JE«*i:*at*V^, *««»HU D#P^ 

aafaiat^-Eatnfc^-f v^i/B^iCcto-ttSfiJcsn so 



tc j: o -c sifiSc^ *i s f > wojea-Tf a« * *i a 
s**fi**:iB*.» *©chj±n3iattas*asc*iMbT 
t) o«au^TJffilBa£*B*fc»i£* 5 
[0024] *%B^fflaa<]{±, ji<Miift8St^tfe 

[0 0 2 5] 

v>h£«srsfca©«B©iRatt* ^-^-sifiA^ 

mfcSv^ttfflttRBfc-e^BflsSttfc^-f s***' • t 1 - 

* ©wc-a&s ft* t 1 -* b«* s *^b^ ft^-e <<> 

tltt, 1-^T©ff^©Sff«ltiSffl-r^-i:A s T-&*- 
tiiB^S-Cfei» 0 i©«Btt, FR 90 01491 

* (1991^1 ^310Cili«©*aW«F»USSHO7/648,899 

i,*.©T-{±^V>„ 

[0 0 2 6] 5 s -f S?*^«^ft»a-r*(S!fflTOl-3© 
>y h v^ - h4$250kbitsgflE©ffiI**fita«8MHz-C© 1 6. 
B3£fr£COFDM&tS£#&©0aJT-&2>o C©*?£lC«t 

«. 5SS^©ISN(iiS!cfll («*tt, N=8) * 6*^(1 
N=2 0 4 8) *TO**fc**V^(6Hta 

^-rscihAST-^So i *a©»is*©ffli*»c* 

{f„ } 

f k =k/t. , k=0 ~N-1 
BSR©^j.k(t) (::t-, k=0 ~N-1, j =-oo~ 
+oo) 

j. k (t)=gu (t-jTs) 

;;t\ 0 gt ^Ts Otlgk(t)=e 21 *""" (pa 

i=7C) 

^enw^©i:tSk(t)=o 
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[0027] mmznzr-tm^zwt-*. n 

x (t) =Re (e ai 



ns. 

[Rl] 

J =.-<» It =0 



[0028] a«BS©fli«asawK©«*oiaHft»a; 

-TSfeifcC, S/^^l/ftT* (inter-symbol jamming) 
ftHRJR-rafcftOMIHA (WAtt, A=t./4) ©«M^ 
PR (guard interval) #&{g^¥ ,. h (t)OttCitX*h 10 
So t.ttcnWWMS^©IHIH**-r*«i&e*T. = t 
. + A©HPH*at>U Ali««fffllH©lffllHft*-r. t 

¥j.k(t)=gk (t-jTs) 

- A^t <t.©£:£ gk(t)=e 2lD, " kt 

*hfiWW>k8 Sk(t)=o 

Y Jlk =H, k -Ci. k +Nj. k 

H J>k ttM«Rf k © JTs B$^T-©3iftli&© 20 
J6£, N Jlk fct8HR»©:*f7yUi^, Yj. k tt&B^j 
T-©SUi£i)SkT-S{I^nS C 0 F D M{l^©^(pro 
jection)»C»c,nS">>/K;u, T-triWb^nS. 
[0 0 2 9] 3tU>b*«a*"IfiEi:-rsfc»C, ^ 
tU> b«aigaSKfflV>C)*xSaa2SifiatS9SB (carrie 
r recovery device ) tta©IS©JiBS©»ffi 
Chtftl, -f^"C©^^ j ©1"^"C©JHtSEfSkt:^U 
T, 

Hj k =/0 Jik • e- l, ' hlJ • ,, (phi = 0) 

/o,.k tta«HKD*6»©««. t±3Ifi& 30 

©jfcSSOttffl, T-fe^o 

[0030] *ti*nmtz>%wte?j&^ {fcta-ei/t 
(fes^i±) w ° v tmmtLt ^xmrnm 

sjb^* -na> ^ff^n5fs^©2ifc5c 

WHlttRCioTC 0 F DM«tttt?ttSIBSt: qltBTJ* 

s»s^Tf©*6flia»t»-r4H,. h ©fa©ifffi* 

» So Lttfot, t^tfflH^jT 

s -e©-*-'vr©ffl»sf k c**-r*»fi»Hj.h ©jss 40 

©iffffi&MMtftt (interpolation filtration) £«fc^ 

xm %>z.t&x-%z>* ci©^^ y*;i/©*tttt» x^jft 

''iOtz.TzfrZLfr (convolution ) ©J|£S£:i8$[S§©'W 



Jtn**i©tB*©fiin±**i't't^^*®w^-dfl6ca 

[0 0 3 1 ] £©*««»*£«■*" 5* "5 l"3«)t*Ift 
*SiH\ fcfc*i*©te*ffl7-'j3ia8i*sK*©«* 

tt, B»© (*n*ni£©) 7-u***(D-FT(dir 

ect Fourier transform)) WIMSnSfflW©^ > 
M>y (windowing (weighting( iS» 

© (*n^fttti&©) 7— u^se* (dft) *<& 

[0 0 3 2]*ftWtt, £e>iCpL<li, -ffl»2fl 

©*Sjfcwra. *fi* DFTci^Wffiifc 

.fc S £ STC <££ WflS ^^©» i *) '>& V > £ £ #t> *> 

*£■*-*©■?» **aiitor*»*«9So*5E«»t? i 
v. 

[0 0 3 3] Rfll©»5£««£ 1 ^©S*8&i£&©i!l^ 
Rtt2©«Bn?fcS. tflAK. Rli4~6 
4©«H*»&aiR*^S. ) T-SipfiB^&SAt-SC 
ji{tS§©I l J-?>7''.' >^ (sub-sample 

d) sns«wwBaF«)Wft«J»««»4-i:*^ 

ItfcU i/ = n • RCTbt, 
[R2] 

H ( v ) 

-CT\ ntt 0 (N-D/R fife!), B-l £2o©S 

*M<z>W&tt©0u T-^^nSo IttfoT, ffR©-" 

[83] 

H ( v ) 

©*«*nfcm*i(s^c^*6-r6*©fcfc*-*o^* 
tats* 

[»4] 



H (k) 



H ' 



( v ) • F (k - v ) 



v = n • RT-fcftfcf H'(v) =H( v) [i»5] 
v = n • RT-ftltfttf H'(v) =0 
F(K- v) tt«IH©fi«*«S©»» 

N<B©»fflS3ftfc«*"tifea 50 tt % K0a^* 
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[R6] 



9 

H ( v ) 



mi o] 



©a»*f*H-fc«cj:oT»&ns. h'(v) (h&r 

««-ecoae!SO*6«F) kF( v) (««»««*©* 
«8©JtS£) ©Nffl©5JfWiJS#*.S4:* **i^ft©i£ 
7-'J^$gllih , (n)i:f (n) -CfciK Ma]£fc2>-#- 

[»4] ©&&(*#© <fc? 

[R7] 

/ h=h' ( n ) • f ( n ) 



Mt8] 



h (n) 



ttH(k) ©NfflCBJKCDFT-' 

h' (n)liH' (k)©N<@©gfB©D FT" 1 

f (n) l±F(k) ©Nffl©B*©DFT- 1 

. Lfctfot. ttra©c:©aiStt*©3^©a«-rs«» 
Sll.gttS. • H'(k)J:F(k) fflfi4>f,h'(n)tf 
(n) ©fi£f#3fc»©i£DFT a3*RfH«*»&B#!Hra 
*S^©Sf*) t> • h'OOfcf (n) ft»ttfc*£Sfc, 

[R9] 



£f# £fc©©fiigD FT -(i$ra«**&ffl«Rfli*^© 

9») . DFT*Ht*S»K:*ffr*fc»C, N{±2© 

*r (0i*.i& N=5i2 ) ftasw-siktfa*^^. 

[0 0 3 4] 01Bu c©£-5&> SifgS&OJfcg&ffFfflE 

10 ©*>r^fcitiJS-r5l*«7-U3i£ift (DFT) ic«t 
N k kttO *6«-l'TJ»b-j-*. »»« 

[Rl l] 

C k 

tts ti; a -;H2Ci'i^ »«tt©Ha«klMF©ff 



[Rl 2] 



H k 



^T©-9->r;UY„ ©aWR*t:»*6-r*M = N/R« 
©tfVTVl' 
[Rl 3] 



H k (Ho 



H„ 



) 



Ho , 0 , 



*30* [Rl 4] 

O , Hr , 0 , • • 



0, H„ 



©50 fc JB O fc NflBOK JR fc» * & © - n e» ©a*© 
H9£ (N-N/R) flB©-Bn(ESej)S©#Ai:ftff-5. 
Nfla©B*©iS»*»l 4tt, ilflSS©H^R^©I l ]-9- 

[Rl 5] 

H k 

h'(n) = h(n) + h(n+N/R) 

;;t, ®WttN©M5fcfc3&-3<. 

[0035] 12 A*3<tvia2Bii^n j e'n> aftESh 
(n) (■r^-cciBiSiK^as^tKastft-cfe^fcissbfca 

^CWtS) fciiflB&h'OO (afiB&©Jli6R£>&© 

iij-y->ru>yt»j&-j-5. Rd©sfiS^s 
xj&^©^ffi©2o©^j«:^-r. ia2Bfci3v*T» 

ftC*ff&1-Sffffli5 2fc»afc»£, o£»K g{S#5 2 



JKOlSFlfflWatfWWffiUC^JB-rfttth'nOKFlfflflW**^* 

»6nsh , „©Nffl©ffi©?«jttaiaK©''^^tss©ff 
«B,*«fiR-r*. t>u m^nmi-xn^x-, h(n) 

#H(k) ©Nfli©5*-CW-»*n4M«SlSffl^bT« 
JUSftftH, H' (k) ©iS»DFTi)>c>f#e>n5h*(n)tt 

s »:©«ta^^$ns. 

+ h(n+(2N/R)) + • ■ • • + h(n+(R-l)N/R) 

o^^feS. M&£^3-©l£a s >> Ar m .x #&©3; 

At... ^NT/R=t. /R --Tn Tl±if> 

c©ci:fciu m^©-y->^'J >£''£**■*■*««©*>+>' 
>©»*£*»& bT*s!K UfctfoT, *©7-«J^SE 
fttfl^«F"C $> i>m^R©fi-^©«t a &^s©J|^i:l 
50 fflsns. jfcfflsfcsasnsfi^it^-f > 
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Kf(n) 1 5&mmtZZ.tV&mT:&Zo 

f (n) =1 ZLtX; ntt 0, .(N/H-l) 

f (n) =0 ntt N/E, ,N-1 

«BcfRa-ecDaei»oiBafowflii 

[&16] 

H k 

£^;L4N{i©;£-C-©8Si&:7--'Jiglfe (discrete Fou 
riertransfonn) 1 6 <to tMSilS. 
[0 0 3 6] *> -5 1 oO*atTf tt, »ffltya-A 1 3 

[SI 7] 

H k 

©»^ ^i 4ttN/RjSi-eo*aa7— y** 

&£H*t1-4. d©SS2©*iSBu J: i> 'J>«e^R©8* 

b*^sfcb&v^u^&*r*-4. *fec-ffl»^ ^-i" 



12 



ttBfcSU ^HCfcoT* ii«©»»2 4A x 2 4 B > 
43«tV2 4 C «H-*H!H**n*. - 
[0 0 4 0] JHJMHl^ttx k 0 to»±J£© 

^ 2 CO^ifeCDlS^t- ■> > rW >^8tff©iiuCfTfc>*l 

50.33*1 4 ^t-y-vTvi/tfj; t) y J>*tv>. b*> 

jft©a«t©iH-e«i$n5. -©£i£«u cofdm©^ 

ttfc»4bbfc»©»#fc#ffar*vtv^. «>a:c, 
©iSv>gp«-li^U'>3-'i'KiD^t <^ *bT«i***i 
4. *HBbT*4i:* &%<D*.Wm*8fift{*ffi2kZft 
4. SHB6C*» v\3*,fc;*l/S'3;H e i>«a#UFft, i: 

Dto{*8^©u^;i'©HftfcbTaMKSfi5. 

[OO4 1]04I±, *«lH©*ffi«|CJ:6C©J:-5«i: 
■yi5tt, N-N/R<l©-t?D-9->^;i/©^Ji: 20 £8*1 7HU ffl*fflXl/<>aJVF3 2 ©HIS k b Tit 



N/RfflOflh'nOinKtC^jef 4. DFTfcllfi^ 
Hu©*§Jfc©B$ffflfi<J&'W > KCft^h'n's©®/^^ 
fS«^lC*ilt4fi^©^±%-9->7- | J>^ (fcb^-v^ 

[ o o 3 7 ] ^ssCTtcttiK, z<Dm2(Dum*mm 



^7;Vh'nfc«r5tNT&3n4. H** J>a-*3 3 

li, Witj;a-)i/3 4{c«toT^-i?>ix4Ji^«*© 
4. COFDMWaf^tc^tlt c:©a* ©«$gtt 

ssnftv'tf, je©^aa*DFT©tH»©fc»©a&5^ 

tier 2 ©|?fflfi©fc«>©V'>-rn© 1 t>©T-fc4-5k> 



Itf5%SnfeSBl©»ai©*tfK:*iV>T«*|lfl<J&DFT 30 C©JP»±, «*.tt\ 1988^118 l8BCWII©&B1$a<r 



tfthDFTtltOl^SiCtSCttfT-SSita 
flHB"C»5. *S>a-*l 4**(fflrtHfcft*fr U 

[0 0 3 8] BJ3tt* *|»C»&ftfcSMM&©>™'**& 

4N/Rffl©«jMwa©as*»a. d©*tt, 

*»flfc«3R»©jtf>>^«l#* J WlraaF*l.&Mffl©»Jffil©«Sl 
a-£*1"4. bfctfoT, C©3HSES©JS^©Mt±ii5 



SgFR 88 15216 ^ (1989^11^200 fcWHH©#@#»8 
07/439,275^C*ffc) £HB*£*ifcx S^JtOWWHCM 

©fi^##:£bfcv^a*S!RjJBbTJiff©;*'** h*>£ 

«t 4 # W 4 3*1*? 1" 4 75 & £ «fc o T f# 4 C i: A 5 1* § 4 . 
[0 0 4 2] UTfcKifi*ftaSSiB0!l'CB:* ftM©^ 

»^>;i-;u3 3tt*fe» jHiSS©^;u*Jfc&fflffFfffi£ 



^«t$ft$*. -©-hJ±WP^©p D pHS{£T?-a-4o it 40 R©ff«Bi&J&D*ii4. <t b ^ < ©^^ffiT 



bT©3 ti/> b«jat*rrs*J»ttaiiWttt 3dB-c- 

^PSfctt* 0.5dB ©$5HT-fe2) = 
[0 0 3 9] *«H8©*RW>&«M»t J:*i«, 3i«S&© 

/^v^*ssttaie©ie»&®jisi-4i-5t«ui*n4. 

£©£©, ti;a-;H7Wft, C©lfc«r£IH# 
*J£(threshold) f4. C©^^ji--;H±fe4^b->3 
;i/ KWTT-©it>7 , ;i/S©MiiJB<]35;^iS:^Wr4. W. 
TT-PiffliCj!E^-?)*x4<t-5lc:> c©xui^3;i/K»i@^ 



4. Ukbm-tt.. €ya-^3 5lt COFDMOtf 
[0 0 4 3] ffe©^<©#lfiE4 s fS#t^ff^ti4-C-fe4 



6U4*0-C»ot*^U »i^tt»St*fe©T* 50 i:#©^K^«fl c S^Tt-4Ci:* s -C-^4. " Pl^r 



(8) 
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©a(critical a) " (Dm 5{g©o£ *) cx s KSSL^H 

it g tt^mfemtix uisafr k fewiti- *» t? s 

So COS^, £Ts ^10" 4 ©BER (2 

Mm*)!$ ■■ binary error rate ) fcfctiSf SJi b 1 ^^ U- 
^;b©!f#t4&:S"f~. 
[0 0 4 4] CClf, H]5£#SaUT, ##838 fc .tag 

©&NI£5 1 2ffeS. *ft**l**T. = 80;us©ll2 

os/>*;n±^»«tiniBS!t. =64//s**-rSc ^n^- 

i -3©»*wffifli**xtitt. . »ei&©ja£-e©M«tt* 
it.., <t. /R-c&zfrgbmftztizztmuib 

*©£* S !3T-&S = i©;^M)6Sli»:©^^tt5i 
P (t) = (1/to ) e" t/t0 teu t^O 
[0 0 4 5] 

[#fiWi©»*] 0 5fcfc, SMto ffllSfliitfUst: 

• e^aon • • • 4 i 

• 4tt&i£SC loolfJ3ti/>hai • • • 4 
2 

• 8Sfii3l»St loOSiptn tl/> r-£iB • • • 4 
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t,/j»a©7'>^-eae^i6CLJ:5 4:r4i:. sa* ©&»fc«®a««*#ife*oT^afc«>* buo©a 

UVn. #J;t«4 0W©5/*^A-*tt3 6 OW^t^c!) 6 AP SK©»fflht*itn,.4:» 23(8*3 3©T>? 

[0 0 4 6] st*.T#4i:**£±"C©aflMI [0 0 5 0] ZfflKWbMta&ttW-JUyT** -i:, 4 

tf^c^#$©7>^©*-&, iaiiiaseai3*:e.ffE psK©efte&s«ciSfe3i*^-tt{ (a, + ao / 

7 >>7+<Dstmmmiz*m.'iit>*tzi'xr 5^*sfcs©fg*ara*ew*A,, 4PSK-eg<gt- 

*fcifc«ea**wiwcss. *fcg©e**i«ffi*itt2A„ (t^suaiE«©tt*tt 

[0 0 4 7] cn*JWtmCJ£^*il4PSKtt/hffl© 30 A./2A, -eftSfrfeaMiTV^CiWSftr.Jl-r* 

T>x^-Sfflv^c^T-{S3^h©§{S^^^AT-S{I k8l l©*$fcW»i:ft*. 0 lfcfciSfe^*^ 

AfSiS*a*Cfl^feHD T V*©*ttjb0flitti*- [ 0 0 5 l ] * l 0 2 tt«SE*te*J*©»ir© 1 6 Q A 

-K*fcfrv^j£©3fi#fc»ftfciH£**vtt->*^* M*a«-r*a»"c, ««©***!> ^©arc**** 

tbt^itS. iatftKaeU^SiTWD**^ -6*SkU*«ifl9Tttft^ Ell l*6n,.*5flSW 

fcltT-4PSKi:l 6QAM, Ig^t «fc t) 6 4 DMA* ±tf J ?> btti 2 gfsSS 2 3 ©7>7^*?1 r 2 fcfc£(2: 

[0 0 4 8] «jlBHl0©J:3K:Al=A2fcfc*J: [0 0 5 2] ®M©*§^ £{sft;bliiSBlS;*ftT:io 
3 fce^jSUBIHfc £SSeffi**TfeTS 40 -Jt«tW±ttfcnftV>. c©cfc*»6n 1 6tt5*»ttT 

ciitff^a. c<0W4PSK*a«t4fc»O!ii tflSUCktfW &*»fc&*. £ffl«tt*Bll 1©« 

A(4)tt^ h;i,9 5fglt-^ 2A, 2 ©¥;5*Si:£e *1 0 3©«8WSi-C5*-*-. «i«cofl«fi46«iK* 

5. ±»©fi«A( 16)tt^ h^9 6t«-t (A 1 0 4tta©3i*;i/*-4fS-C*2Se«l2 3©7>7- 



K©«*jSUBE«2A,fcJt^4kA,/2A,**. A 



, + A.) 2 + (Bi + Bj) 2 ©¥#*Bi:&So 
[0 0 4 9] 

| A( 4 ) I ' = A. , + B, , = Ato , + Ato , = 2Ato i 
| A( 1 6) | a = (A i + Aj) s + (B, + B a ) J =4A 
TO »+4A TO a =2 8Ato ! 
| A(l 6) l/l A(4) | =2 

4PSKfc2Hgr*»^©2f3©ifi«, 4f£© 



*-*15r,H:2ttCfcS. Sfc* £ 1 0 5 ttilff 
[0 0 5 3] n, 0 #5«fc!)'hS^i:£A,i:A 2 T-atSi 

-rai: 

n,. = ((A, + A 2 )/A,) 2 g5 



50 A,£1.23Ai 
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0 1 o*z#mm*aimto<Df§M* 2 a (4), m*mru 

*2A(16)t+*ki A(4)i:A(16)-A(4)tt Al fcA 5 
fA(16)}'S5{A(14)}»fcr*lttJ:^ 
[0 0 5 4] Bll2<O^h;nattBll-0ffl^h^H 

*. si 2(Dmiamm*jtm9 i©*tttfl^jsi 7 

0 LT 4x4=1 6ffio<g^4i^ MlHKEa 

^3§fM«84 3fflT>5 i ^-©4ig^ r 3i : LT, j£/S° 
r 3 2 ={6 V(n-l)}r,» 

fcftS, 01 3 6 4teQAMffl*gr,-atfj{gSnffl 

C 0 0 5 5 ] tztz U 0 1 2 © <fc a ftEKTtta 2 5© 
m 3 3 T-SM Lfe^ 4 P S K© 2 b i t L^tta? » 

fctt» »2*ffl«3 3Cj^6 4*QAMM|«*&* 
»1 6«QAM*!OM-a < )| ttftt , fc ^ Si4 . 4 , Hj , u 



(8) 



7- 9 9 5 2 2 



CO 0 5 6] mi 4 0i^C3B«©g^o^_tr 

9 lttlBl:*— *3»j©2bit© (1 1) fcffl&s&T* 

[0 0 5 7] £ i M#ggft*££ i 81{:ll$2 
^?j02bitffl (1 l) SBo^j, m2 g.J^ 
fJte^gf 1 8 2M (0 1)4, «3|ij^aij@^p 

1 a 3 fct± ( o o ) 4 mamm^tum i84cii 

(10) *«e)*T*. -®CfcttH7i:Wcfc 4o 

[0058] mi samimma^hjmzm^xm 

^2 0 1, 2 0 5, 2 0 9, 2 1 35(11) 

2 0 2, 2 0 6, 2 1 0, 2 Ut(0 1) lWi2 
0 3, 2 0 7, 2 1 1, 2 1 5t(00),« W 20 
4. 2 0 8, 2 1 2, 2 1 64 (10) fcffltt, ®3 
r-^j®2bitfflr-^6il^, £ 2 

i^! 93 6bit ®^-**»**»**<*»H 

bit, 4bi>t, 6bi t®M«:afc^ScD^-i*s 
fc£T-tL*^ 3oo»»© e aiB©Pllitttt,^Hi. 

[0 0 6 0] 3»»ea^©pi Attft4& ^ 5 



l0 06 1 ]B15C*«J;5t, **\»l"V-*a| 
®^-**»l*fflll2 3T»t***fc»Ctt % Al 

[0 0 6 2] *K:JS25 s -*JU©«*jSI, WittHl 0 
©fe^S 9 1 h0 1 5 Offl»We^iS»© 18 2, 18 

3, i & ^vm^tTZMT-zziioizm^miimz 

[0 0 6 3] 01 5T?tt2/3A,£lt*Lfc»**ji* 

io t-„ i mamm i s 1 ©rtas©©^*. 

2 0 1, 2 0 2Ofe^|aiEi ttAl / 61:aai 
St5 « 7>rt320*gSr 3 J:l /t> 

r 3 2 =(l 2 r.)V(n-l)fcfta 
^77TO16©a,$|22lT-gt3 0 «^ 2 
2 2, 2 2 3am&4PSKmm^*)l*-(D6m<Dm 

20 fe9^©^®^;i/=P-&6 6|gf©7'>^T-^l' » 
2, 8 3©-r-*^HMrrSa;:i:#to* So 
£\ ^2 5 ; -^JFiJ©ff^Hl?gS(l*S2 / /3A s i:i£^< 
r,' = (3r,) V (n- 1) fcfcf, 
ft«S2 2 3©J:-5t«^»2 5MM«3 3©^>^^3 2 

[0 0 6 4] do^tt, S^©«te>K?SM©S^ 
*^-* t 'J^V>Mtt*l5 s -^5»jfcJB2f s -^f«jsa 

30 T»lSM«2 3^»2ae«3 3©ge5*-^ S1H3!! . 

acifc&<, *feawi-r*c:fcai<*35 s -^jfea 5 

[0 0 6 5] S®«3BftKlI8t-5&»fc, £TiB2gft 
£83 3A>£,x£^£ 0 SuiE©JBiae|)|2 3#**J|igr 
.©*S^T>^T-7^*;i^/i*JS5 1C4PSKI 

mm^&vskmm 1 ©gs 1 aifcasj-e s « .t 5 K 

a9SELTifc*©fc*tU ^2§(§«S3 3T-{iHlfg^l© 
HI OC^Ufel 6flS©e^o*!)ft2 5 s -^yu©l 
40 6 QAM02t7h©ff^t tlT . ?58 ^lr 

UrAl, A2©tfc*#&e«!ifc«fc&#l&S 0 C©ir-*£ 
02 l©«|g|$ijfflIgP2 3 1TIKU iKKI°IBC:M4g& 
iS3. ^*itJ;t)AMa«*«nj|Bi:a:s B 
[0 0 6 6] i2 1©B2fMH3 3C7D^0 t 

0 1 9 ©sn %mm 2 3 © 70 * * Bass® i^t- 

fc*. «"3j»tt % *f7>Tt3 2*J7->^^-2 2 «tt) 
50 5©rtSBtawiSij«iaJ2 3 1i: N »i^_^ JS4a j 2 



(9) 
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3 2 tm 2 =r-9 5UII£« 2 3 3 ft O 0 fg 1 Wm»L 
0ES1 3 6I±»1 6QAM^«^1-SfetoAMm^^ 
t&fcfeot^i. £©*&* #»a6*H:4fl[©«ft-ti 
£l^;i/h±&2fiI©SS<Ift*>Oo ##S83©»^ 
»16QAMiW;«), 0 2 2(Dif^ hJH© 
£3 £Htt#Bra*©iS<Iffla (Sot, 

TH it ikmm{hLtzxi'i/fr-)i'V'mii?2>^ 022 

TH,.= (A. + A./2) / (Ai + Aj) 

[0 0 6 7] COM, A2iU<ttTH 18 M> #fiS 
&S8©fifim©&gitiHatt, iSMW 1 «t D> 81 5 s -* W 
©*fcSK>T««;*fta. ifc«^OTgB2 3 ltfSS 

d^^ffiit^a b«ntit?Rft#«>£73i£*) i:ni>o 

[0 0 6 8] 02 6 *m^Xf7 h77^^-A,/A, 
©Jt^ft*fc£b-t:i-><7j&fti&B.E1-3. A,/A 2 ft^;i 
Z£Wmifi&t>Z. SMWflST-^b&A./A^^l 

M<i!iT*aS^ b fc a ,/ AjCDffiip ?>stna t&v^ 5 -tt 

Jf*S. 0 2 6<3D^2^-^5lJS*a5 2 3 3*»<b©*tf§ 
e^Saa«fl(WElB2 3 lC7-f-*K^»*Ltx5 20 
— U— b©i*4#|qlfc'>7 h77**-A,/A,t9M 
-T 5 c i: t J: 5 Mf 3 £{f «4 3 fct->7 h 7 r * *-ft A 

fcssMtttt A , / A , ft 2S4 < «: D {5i£gfi#if 

3 £ftft»2S««l3 3S:«^* 

^tt-Cl5. «3S«HM[5]gS2 3 ltt**U-2 3 1 a 

sjio. TVttjs©*-+>*ji/*fc»fc*b*vMiu o 

*-+>*;u*Sfg-*;*i:S, c©<6ftnftfffi-rci:£± 

as^tfa^^rsfc*^******. 30 

[0 0 6 9] c©fMWHIW^W!©»G\ ^2^-^?ij 
©«HfctS5Ii:ftSo JWT, (0 2 4) ©70-ft- 
hft/B^TiiiiE-rs. 

[0 0 7 0] *HflMR* s »«.n«RV'»»«'TJt«^7 l vr3 
1 3©4P SHCiKHAf^??^ 0 lC^lr-^ 

*vm<a&2 3 2t-»?.n5astt$aftm^sijfflia5 2 3 

l£i£So 0UHfBlfll9 2 3 ltt^T<v7-3 0 3T-m#4 
X«±2«:e>^7 1 ^7"3 13©4PSK&U<I±2PSK 
©&S3ftff o* K0tzt>7.7-vyZ 0 4T-m4 i 8Xlil 40 

1 0^7. ^r^7"3 0 5t-ttTH8i:THl 6©gi 
#ftfT"5. T.'rvTZ 0 6TMMIW2 3 lttAMI 
f5©ES(IT H16^I1 M8>J3£(ift l 3 6 tm 2SSS'J 
S£|5J(&1 3 7CjStK *^*7"3 0 7, 3 1 5t« 

1 6QAM©iKHh$27*— *$U©ff£#&£*lS. * 
f^73 0 8Tx7-l/-Kl s fx-;i'$n, JgV^£- 
(i*7^y7"3 1 3HH5, 4PSK«1^t«:7. 
[0 0 7 1] £fc;i©i§£, 0 2 2©{I^jS8 5. 8 3 

fcfccos (wt + nTT/2) ©£lK±£;fc5#. 5( 



ttm*7-9 9 5 2 2 
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8 4. 8 6fcfc;:©£lK±£ft^. SE-5T0 2 l©^2f 
-*5Ulf £8B 2 3 3 J; D«S«tH£iaB 1 3 2 ^ 

-*juo«as«aan«i*a5«*ja8 4. 8 6©*"f 

5. >^©M^*> & GM&ftttffi bfe v> «*. 3 £R5E bT 
[0 0 7 2] §82 x-* JU#«SI*t6&»^ft«3S 

fatgft<t i ti> Sir- *yy©^T-fc{s^J&8 3. 
8 £©£», «3S«S£E]I&1 3 1 

ttinmw *sft as a - 1 1 «t »> *fi^is* J B^-r- s * . 

[0 0 7 3] &C&@0I1 J: 5, H2 3fc*-j-.fc"3&* 
ffJ6 4QAM©{g^-* s a4e>nT§fc«^ 124®7D 
_^_H:R5i : Xr»7 , 3 0 4Tm# 1 6T?fc^J&» 
$iJ83r£ftX5 1 y:7'3 1 0T-m#6 41-0^x77$ 

n N 7rf73 i lxmmm^^Axt^m^ * 
i 2tiqi*>a. nc-etMHBB 4qambs©{s 

^SUHW6«TH.«fe*«>4i: 

TH.,= (A. + A./2) / (Ai + A 2 ) 

-c-fe»7, THi.fcrat-ei&a. l*u 

[0074]il BJ^fflg^W 1 8 1 ©4»fcfe*ffl* 
»ffiKt*A 3 'J:t5i:> K 1 ■MMMWiSWl 8 1 
fc»2fi]#fflfI*fj£iWl 8 2©JE*B: (A,-2A 3 ) , 
S^b-TSi: (A 2 -2A,) / (Ai + Aa) fc«e4. d- 
ti*d.«k*«-f*i:v d. 4 *«»2*««l3 3©#a'JI6 

^73 1 3-CJpJWU d,4* s » ! F^H^T-fcn«^^^ 
7 , 3 1304PSKt-HCA5. #giJWHK:fe5a^ 
H:7r'y73 0 5A|Riv\ 7,r «y73 0 7 © 1 6 Q AM 
©a^ftff^o ^f^T-SOSfx^-U-b^V^ 
»-&J±, 7r-y73 1 304PSKt-KCA5. 
[0 0 7 5] d©»^, as(i«ll* s 0 2 5 (a) 

i-5fefi^©^8QAMft^ftai{g-rnK. ^t© 

IWcos (27Tf + n-^/4) ©^JS±tfe2. 

4a^g[af®^cfc^)^ ±x©«a^* s [B]ui4tst'Si 

ia**x4fc©«««©B^* l «*t:**fc''^«'** 5 ^ 

C©«^ @^^:ftb■rv^35:V^4P SKgfl^T" 
*,Blf ; -^?<J©2bit{im^-C-§, «2S(f^3 3 
X-&m27 £ —*P}<Z>lh 02 5 (a) h0 2 5 (b) 
©«^EBBH±ffias«*l9 (r, 6) IZZ>7 VL1tm 
^ftitAPbfcJl^©C-CDM©fi^ft^-r. ^§ 

*fcC-CDMftitS««3RC-CDMi:iifWx ffi£flt 

[0 0 7 6] *f02 5 (a) ©8PS-APSK©fl 
^EEBIt. QPSK©4-a©«*jj!l©*'*taiE« 

» iU!lOb&*>©tfftS. C-5bT, 02 5 (a) i:St<t 
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3KQPSK*»6 8^©fi^&fc*ofiHE«c-CDM 

©APSK^sn. -ftafflBMLtc^TS (p 

ole) *S'7h3*fc«*jftfcjaiDLfcAPSKT?j& 
3 Shifted Pole-APSKB§UT S P - AP S K £ 

8 5 tt&ffltf g 5t 8PS-APSK ©« ^tiii 
fflipOQPSKoaflSa (r„. 0„) OjS^ 8 3S* 
ffr^fiiCS ,r.«H-s, 7 h Stfeffil©|gf ^ ( (s 
.+ 1) r 0 , do) Si&6nUfc*,fflT?*5. d -5 LTQ 

PSKfcib2bit0*7?+>*jncibi t© 
■y- 7^ +• > * ;i/ 2 &mia £ tl 5 o 

JO 0 7 7] B14 0'o3>7rl/-J/ 3 >HC 

*vf.fc-5£> (r 0 , 0„) , (r.+ S.r,, fl„) 

(r.+ S.r.+ S.r,. fl.) ©lbitofi 

i t©*7*+>*;i,#w&*is. £*lftl6PS-A 
PSKfcBPV, 2bitO*7ft>*;m:i bit 

©■yr^+>*;u2i: l b itfflt7f + ^A 3ft4 
16-PS-APSK^=l/4 (2n+l) tt 

±C»*j«l*«*«fc»iai 9T-^bfc3im©QPSK 

WC&fcl^tf 2 b i t Oft 1 *^+>*^tt«HTf 
§5. COiiCfflflffl^ti'? ht4C-CDM* 

asp s k t < iza&tomau&tzinKrSimx* * q 
p s Kffs^i; s ^t$ ft « a: # $, e^«?gfi ft 

£©fc»P SKfcffi-sfcSJ— IB 
ftffl*S»2S©«B# S*5c:fc&<3B2 eft© APS 

[0 0 7 8] 02 5 (b) 0*^0ig^ttffiffi*c* 
tt8A« = ff/80±Cft8. -*lttl6PSKO»* 
^©#ftR4 4r©o£!>SH 6^©fg^©a*,^Kg 

^ t L±ftX- 4 f@© Q P S K com t&kTZ 

t#T-#3 0 zoLTmmm&tmmtLT, qpsk 

[0 0 7 9] C*l6oe^l±5= n r/4, 0 = tt/4 
+ 7T/8, 0 = ir/4-ir/8©AjtJ:CE«S#i«. 

©T-&£ 0 fl = 7T/4±w/8©«Hfcft4fc», 
flPSKOtf= ff /41oi oofffitU4!tii , 

P SK©SfI^ 2 3{C«fc $ 4offl^ ±CftfjSt| ^ 
S'JT § 4 feature § 2 b i t ©5=-* 



(10) 



^§8^7 - 9 9 5 2 2 
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asji^s^EiE&ii, flu©sias0S4:RiatiijifgfiBie 

tt, «so*Jfi«©«^fcPi«t*+i;rfit«ft-£j(Hiffl 

[0 0 8 0] H14 1C^t±5CQPSKXtt 

8-SP-APS Kfflfc^j&raffllsfiffilfcfctf-SfciSfc 
2 0o, »1*A*S>7 f»7r^^-SP I tr'si:©^ 
*£ft 2 ilzfrg] b^S flSfijC ± P , 6 otz it is y h 
S^ttctf), QPSK©8^ (ro,.0o + P,0 o ) t 
10 (r 0 . ^o-P^.) ®2offlfI^!;^j $n g tjS 
©»#fgffc&4. l5Lribit©tf7?t>^- 
3#igiD£*iS 0 ^nftP = P l ©8-SP-PSKi: 
SI 4 2fc^r«tat^©8-SP-PSK©^ 
^ft*Sr7J|p]K S , r otitis? h ^ftjn 
*fe&©ftl 6-SP-APSK (P, s,S) fcnj 
A. &*B*WT-&S8PS-PSKf-J;&t>-7>+> 
2*JBflfeTSf4. £'T-025 (b) Jz 

ms. aBffi««©A*'>7hSffl^fcc-cDMttiai 

4 lffl.fc3fc:PSKfc»aTSS&ik m-fflft©«s 
20 JHSfc&flJ^scfcii-esa. L*U ^2ffift©AP 

sk©^^^^- 0i4 2tjs-ridfcs 
mwm c - c d Mtt^-T-rtoe^cimiHftJs-fc 

««*««f©C-CDMttPSKfc©S»tt4«i<3S ! 



[0 0 8 1 ] r 2 5 (b) ©^SCttl»SM«3Si:ffiffia 
*©S*CH«tt**o. fl^ftl 6PSKfflft«± 
CElbT^SO-C, HPSKtafJUTlSiii: 
fi^ft^U-lf>yUT**fc»QPSKge 

»16-SRQAMfttifg 5 „ QPSK, 16P 
SK, 1 6 - S R Q AM© 3^fflfflOSig^fci3Si 
C - C D MH©£&{£&&gi Ufc#&ffi3tt?S * 

ft3bi 

[0 0 8 2] l_Kfc»3ge«4 3{C^^T^-5„ 02 
6f£^3gfa$H 3O7D^^0-c, 02 1©^2§ff 
«3 3tHffili;4)|jESfca s . itd^l^3^-^^j« 

£g& 2 3 4 *« iiinsihTu* t tmm&mttKi sm 

40 omxmtjifi&ZZ ££&?>. 7>T7-4 204igr3 
# r tJ t & s 6 (C7c^ < a a ck t) @^HlgK© 
iEVVs^ WAtt3 2«QAM^6 4<aQAMt,««-e 
§4. C©£0, 6 4«QAM*aHt5&», ft 1 R 
S'Jff^lHlK 1 3 6 tt«e^»t*f L, 8 ffi© b^ft# 

S. ^©^*l-3tt0©fc»lo©jfe|Bttt3offlMfi 

[0 0 8 3] H2 7©<g^^-^^7^AK^ 
«t-5t, »l*RT?tt3-3©«ffl[A«^f 5. 
50 [0 0 8 4] H2 7Cw^J:5t:3-o©jE«{bS*lfcH 



(11) 



7-99522 



19 



20 



ffiU THl,^TH2.,i:TH3,^fit5. 
[0 0 8 5] 

TH1.4= (A, + A 3 /2) / (A, + A 2 ) 
TH2«4= (A, + A 2 /2) / (Ai + Aj) 
TH3.«= (Ai + A 3 -A 3 /2) / (A1 + A2) 

[0 0 8 6] £©««£* !K ttffi»«bfcSS(B^ft 
AMfflHti^fcCiD, El 2 l-CBMBUfcHlS 8 -* 
31 i:» 2 :r-*5*J i: Mil: bTMl 3 5 s -* ^J©^-* A 5 
aMSft*. H2 3©*5fc*35 s -**JB:W*.«*1 «> 
IiJ#I !Hf^§¥ 18 1 ©<P© 4 o©{§^ 201, 2 0 
2, 2 0 3, 2 0 4©#giJ£«fc»K 4f»Oi?)2bit 
fcftS. c-3UT6bit-3*D*»6 4*QAM©« 

[0 0 8 7] ;L©B#©mHS<]»8& 2 3 1 fcfcSS 1 t*-*5U 

s^gc2 3 2©^i7 j -^^ic^*n?»a^ffi^«t 

0, m, A„ A„ A,©ffl#fc**©-C*©HttTH 
l, 4 tTH2.,i:TH3,^lt»t^liiSWS[51E& 

1 3 Qtmimmo-®®! 3 7tc^t). sejbg 4qa 

*»6 4QAM&«il3-e^«ev>«t-5K:-rsci:t)T?§S. 
0 2 8tt£Jfc6 4QAM0D«f3ffciJffllSP2 3 l®70-f 
+ (H2 4) fl)16IQAM07D-ft 

-htMo&<Dfr*WLW?Z><. 0 2 8©*^ v?*3 0 4 
J; D*f *?"3 2 0C«tt>m=3 2&f>^f^73 2 2 
CD 3 2{fiQ AM£rSLI$"f So N0&e>*Tr * 7*3 2 lT-m 
= 6 4*>*IS'JU ttvfZ 2 3-t-A3#a&Sg{IWT*> 
?>lf£T-gfcV">fcisi>, ^r')-73 0 5K|r|V\ 024fc 
pj^D— ^-Md&S, 6QAM©tg^£fr 30 

2 5f!Sl, »2WUII3ilalK^3o©in«fcSSt>*7- 
■v73 2 6-C^6 4QAMOff4SlfK ^97*3 
27TM1, 18 2, & 3 7 s -* V 

3 2 8"C*5-l/-h* , **»*i.«^»^' 3 0 5lcf ^ 
WW 6QAMaHftbt/>S»n«6 4QAM(MHfe* 

[0 0 8 8] d-Tr, a^HfiS'&fiSfi^S^*^^ 0 
^Ta&^S. *»WttS5»16QAM^ *U&6 4QA 40 

viom 1 v 1 -*?'^ 4 P S Kse«-e«£3*s 
ctjsa©-- piiifei,, c©t§#, iim©4PSKS<s^ 

■e § & v ^ z. n * a fc »i3na«w £ sismw? * * 

[0 0 8 9] #$6i5§fc:J:3#8si:bT2iI9©#5Stf l * 
5. *10*att-3iaWWa6-3SIB^«C (2n-l) 

l±n7r/8©^fi±(-B&BSs ±r©«*ja*B«ba« 



[0 0 9 0] 8-©*8sH\ 03 8C^l/fei^t4o 
©ftBL tt/4, 3tt/4, 5tt/4, 77rZ4©ftffi 
±fcfc*«^J»«*.tt<g*A8 3, 8 5©<I^££3 

b#, 03 sc&ffff^©*^?-*-)^©*©^ a 

83*^*0^4 5 2, 4 5 3. 4 5 4, 4 5 5Sfe 

5-£©»i«ic«-rs»B£-rs. fbt, r©ssra*K 
^r±iaft«±© s -3©fi ^©^©t> tocn^s 
ae-r a . *nw*© * a* d * h t? ttffi«©e^*a 

&;g>±IB©SiaiJ£04 ik^-t^-*©^*^ 
tiMBSM 9 9l3gaffiUTs6fat-i>c 
[0 0 9 1] .^©»^©i36(iOT©rt«ftB!4 lftffl^ 
T * & C If U < BHlBf £ t PI ffi * < A 7. a y h 4 5 2 , 
4 5 3, 4 5 4, 4 5 5*^*4 A* MM 5 1 
»£ l^Cffitf- *?>J4 9 1, DnSMtS. 

[0092] c©(t ^-tttp]^^ 5. >^w*©sb'Jc 
s^tK^wi-^^-cA^p^ h#B«sft-t^4© 

-C-, £©RttSBiJ#fc>***tt* PWB4"f AXD«v MCfc 

[0 0 9 3] -*5 i -*f>J4 9 2©7^-A©$ , 63iS5# 
tctt, S-C*-ri^lJW«l«4 9 3^0^^^ 

j: n tmrnsumsM ©ttffi«*tf* < «e *©-c 4 p 

S KSft«©SfiS«SStffii^U: < * * * ^ 

[0 0 9 4] £©Pin«M4 0 3«U SI, S2, S3 
■C5%-TPIW»4 9 6, 4 9 7, 4 9 8,****; -© 
StfHcti, pj»8©fc»©a=— ^7— K^BuSfiodWW 

#RSS4 9 9fcfcD, C©*£tt:, fflffiHJW^-f A*Dy 
[0 0 9 5] ttlBPlJfi* -f AT. o >v h ©ffl«©e^^J± 

*s^-essfc«)> ftfflPii8gBEe«f&iT©rt&i±i£ 

[0 0 9 6] 04 l©PI»HHtt4 9 3©*t(Ma««SB 

C©««i±fHBQAM©aHlcm5l«:©t- H41ffllH 
ffii««5 0 2©«tdtlB]W^© c P^at»a5 0 2£ 

[0 0 9 7] 0 4 2ttTDMA*aCit)/Wbtt© 

e^sa*»^©e^EBiaT;*a. 04 ltom^a 
^52 i*«Kite.n, c©amia*, 



(12) 



© (2n-l) »r/4fflfi«ao©^U*»as*n& 
Co l/TTDMA*at?t.HW8ar«iailtSft*i^|| fc 
[0 0 9 8] teEl 9®»igfl 4l 2 3ffl«isa f }^ 

R^^dim 5 4 i -eftjBtt»3* l fcauH©%© i 

(2n-l) 7T/4©{ 5 iffi|5l^g l 5© /g ^ ;6JAoT< _ S;6i 
to^O, E34 4©J:5ft|R| fcWftffiffiHIJ(!||Wfi ^ 5 6 

**ffittHMB* Y » h 4 5 2 20 

*J»EJB5 4 4fcj;! K ■y>7.;>^t- s -i :t<tt)ffi 
ffi**«*5 6 5A*»&ft*. Cft*»>ru>y*_ 

S.j:Oiftt;b-77^M5 46^^ VC05. 
4 ^^iSS^t^, WWHUW5 4 1C 

i) x/4<D<SLtt<Di§*&imai2tiz. zvm^zm 

^_«*©tt*#S±**i**iH4loB« a j4 0 6K: 30 

[0 0 9 9] H4 0Oi5t^6 4QAMI^P 
(2n - 1} ^/^©flWBOWlT^r 
ffiffira»*«4 7 1 0®^fc»LT©*(Slffi^IJ« 

©^»a*04PSKS©*Tfttt KS tt ttB£TSfi:V , 

[ o i o i ] m 4 5 it^mom^m^mmmn^ 

9 2 t*JV^T±Eflffli«*t: j; »> JMttl3*i»s*flr* 

WttRMRS 4 4 *»lT*fc±B« 

dttrat. ffl«itaw5 9 3t» 6 n*.--*vco so 
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5 4 7*6©«4WaS«tt||2 WBJB5 9 4C±>), 

i:ffifflifc«*ii, &tf}Mm^l±)V~77 j )\,* 5 4 6 £ 
ibTVC0547Cfttt$ft, Sfi«36«fc^|fflffi© 

4 3li03 goifflhfSL&ftijOgfjacft^ 
*6t >7'J >ms<OT; 1 6 QAMT 4 6 4 QAM 

ro i o 2] jfct, ! QMm^tz^mmm^n^t 

*±olz£Bl 6QAMoefjiSitnff/80ffi«fcE 
gbT^^«t^Mfg^ff^^ o 0 1 9 1 §PH 2 
3©#?fcfc, 04 8^t,koftl6«ei|K6 6U 

JBSft^T*?. 16»«HIBB6.1fcj:i>, 04 
6 © «fc a ft a 7C/ 8 ©ttffiofi^ttJB i fcjsfcfcaa 
ftafe»;b-77-f^54 6tvco5 4if:j:!)tfi 

[o i o 3] ikiz 1 B»»a»©^*iMrr*. 

fe^*e.»EBS6 6 2 4:|||5JHlB6 3tJ:!), *n/f% 
^fe^fef^Q. ifi8664T»lt^Tco S 2fl 
^< 5 » ^«6 6 5^sin2e^< 5 

[0104] sin29tcos29H, IHtRfcl," 
T, «@»6 6 73lia»B6 8fcJ|!*g6 7 0fc:.fc!> 8 
ln8e ^<5. 7 lfc3H§]»6 7 2 4:** 

Sti!)eon8es^<i. * bT«»|§6 7 4 Jc «k 
9 s ml 60^< 5 ; t { : j :!)1 6Mfg*ST-&5„ 
[0 10 5] £l±©*$fci 6»»35-5tfcJ:&, 04 6 

[0 10 6] *fcH4 7CJ;5ftEIftLfcJBK6 4Q 
•f0 107]^i;U 2oc ^ mi lott 

*0 lottos 8TKBBL3fcJ:5fcB»^^ A * D „ h 
M&4 5 IcD^oih] 

©fOJBffiffi** 4 7 1, 4 7 1 afCifjStas-i. 
[0 10 8] HhOiiCLTl Bafif^tj;!,, ff 
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iiifese«©«fiKT? 4 p s k &mmt x t> im 1 6 q a 

4 QAM©{I^©ifij£«[£l?£T-§££:V>-5 

[oio9] w±b u < ii&^fci a izK&wotemmm 

$rfflv>SdhH«t 5, loCSifc^T-jaiSSl©^— 

[0 110] ;i©i§^ -o©i£{f8&£*tbflfc£§ 
ft!&JKfcffi§SfE:fr£fco3o©|^Ji©g<a«a£g§!:£-r£ io 

^IKlCiSn^ h©!6 2g{l«S£PAbfc§{i#fcfcSS 
fcHWMMlG^ fr&^a:* h©gS3§fffci£l8tAb& 
[0 111] *,L»lSSttHc«effl7*S?*;i/«SM» 

^:Sl©T>5 1 ^-*jfi«i:^*±t:it3^ h©£»ifi«# 

±«atttSJtSfl?»ix4 *©"Ctt*tV^H D T V 

b fc ^ A* K tt#il>* < X *» * . 8 3 §{s*ll± 

1- #&mx' mmm c as^wt- * < muffl&t £*n±* 

bTV>5. 0J*.tf«i«l?lfcHDTVe^ftiS»), 
J;!>&Jfe©tt1IIffl£G»rftHU WBIffifeK^JCj;!) 

[0 112] «±©J:?C#»WfeTVes&fc:jfcfflbfc 

^*A J feSo fOBWCfcUPSK, &MS QAM, £JK 
16 QAM, aa&6 4QAM©03ft5*bfc#» 3 2QA 
M-^2 5 6QAM-r-t)H31T-t5o X> 8 P S K-*> 1 6 
PSK, 3 2PSKT-*»HflS-CSS. SfcldliflrcttW 

t&r-c £ a - a it- t)5sv^. 
[0113] mmm 2 ) gtsM 2 ammm 1 -ei&wb 4 

ggfioi i ©»^-e n-en©RMi^-*' >*;ni«J*. 

LglfEtt 2 T- fcfc^L 7 -fJIEt&;&f£©i&a«JfcB£fS;&* s 
i*5„ ||<*l$CI£mtfD I ©|^®^*>*-'l'© t P© 
"r-9 *m D , - , t D , - 2 © 2 otc^-fj U - ©##J 
^—$<D 1 o0!|x.{£D i'-it — ^©cc-v — ITiESe^JSrD 



.-.ttflS^bfc^^-b- hrttJK* y>mm ^zm^x- 
[oii4]-3iD, kimm?--* >*;u©^-*& 

fJU «DIJiEW^i:«l^©ffiffl«Sffl»fniE©«F^ 
F^SilSt© AS £ SUS'Kb-T S - fc K J:» 5 ITiEI6*C «t 

[0 115] iftfcffl^Si:* Dift >^.;HiD i-i, 

D 2 -,, D,- 2 ©2-P©-b-7'5 Lj V>^-'H-ti^.2>o 
[0 116] Cht'X*ifOC/NIJ:BIf+>* 
;uS^©ia8 l&m^XlSLWt&t. KMB*-*>*;i<D 
,_,tt«t)ffi^A*(g^TfW^T?SS- -©CNfB&d 
hfSfcs CN=d©B#> D.-.liB^n^D.-i, 
D 2 -,, D,-,l±H£**i«en. *izCN = CW±CC55:i, 
tD.-ji^MCSS^fts CN = b©B#D 2 -,* s JDfc 

r> N CN = a©«fD,-,* t intoS. ;©iatCNtf± 
tfifcoftT, B^pJ|g&fiS®©^A s «^TV><c 9» 
Sv^iiCNtfTtfi^oftT, B£TfftB&HtJB©«» 

&®-ox^<o ztiitms evfemmtm^MCK 
m<omxwimt%o -®mK.m% 6 ic*vr<t 

?CGi£]E8iA s JI<&?>£t£<'\ §Mff^©C/Nf«{i 
©T-rS. H8 5TJKWbfcCN = afcaiS-»A©iS« 
TV^i-^e.CSiSS&Latb, CN = bfliLb, C 
N=CT'liL c , CN = dtttLd, CN=et*l±Le 

SflS. c©D,-i©SeRliB«Hft»«©««8 6 

SISV^^T-S^T-^S. ISHS^bTD.^^A'V^;!/ 
{£^fir>7 i ^«tt)iigeiLclilrt©^8 6 3-enSEX' 
15. BgKLcttrt©«HT?ttlB«8 6 2 t)$*ti*fc 
©Dl-l^+V^^^SST-tS. p]^l-bT^8 6 
4T-ttD 2 - 1 ^ J f >*;U#Htf8, ^8 6 5-C-ttD 
yz-Kifim&mttteZo c©J;5Kb-t, C 
Nffi©mc^v>^v>eiS5 Lj f >*;i/36«S!Kfl«jK:«£Ut- 

srajBsea&ffTj&a. ^-^^jS^^bTPgn^ 

I tU *^B^©P§»e^^fflv^i,Cli:{c < t^3, 7tD? 

[0 117] ifct, ftflt«a:*jafe3£^*. 
SPS^2B, ^S|f§S2@©^^J&^So 0 8 7 t± 
^I^l©^D^^0T-feSo S^Wttt^iBWlfBl 

u£0 2 ©i^fs^© ^ 9 m t m tft(Dx-m b^ia 

^g[51SS3{±l-bl-2,2-1.2-2©4o©ai*S:^)*.^ 
0 {I^-trD,-,, D,- 2 , D 2 -,, D 2 - 2 ©4o©(f#tC^ 



a i?rf 871at ****> 4ECCx> 
3-^8 7 2 afcfflE 7 3 af'^e, 

t0118] ClCIT-iECC^>3-^ 8 7 2a(i:glJE 

*x D,. 1% D 2 . ! f| fttM2ECCx 
®*®***~^-*8 7 2 b ^iJE c C*>=,-£ 
8 7 3 b t J; ^ (, iliEff f ft^^gg 8 7 4 b r j. 

ECC^>^ 8 7 2 bttHEccxva^g 7 3 

'-n , iEtBAO*jjiWbK:J:5b,. I i:D l 2 x«D " 
10 1 1 9] Kf^ffl^^^ 

CO 1 2 0] $ T , Eg 8 st* t ^T, amzti^t*** 

a, 3bi.«fc^ ft^D.-.fcD,.,, D a-i, D, a CQ 4 
^^<^, *lECC5- 3 -^8 7 8aki 

77afcJ:»,Kt)ITiE**iT$j««il37CiS6n*. - 
**S3 7 t*v, x j ^BtfWDHtWa 6 «k t)ttj 

co 1 2 1] i»ww«iifcj :6 D 1 . I ttD 



(14) 
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ffi^ttJBfc^TfcWSgORi)***^ /gf/i^s 

[0 1_2 2]Sftfl(,i:i E cc? 3 -y8 7 7a 8 7 
7b^ECC^-y8 7 8a, 8 7 8 bOBBtui, 
ITiElB*oliaKb fcfr 5 5 D g(J E c c _ 

^fc 'J-CVDf >#^ B C h«f^£d J: 3 

h ' y ° * >flF * * - * V u * ^Nte 

c a if ^ t ^ T s s o 

roi2 3] zzntamit]*rBmmm*mB 9<dc/n 

«. B8 9C^t, laiBSlttD,.,^^ 
C/N^-p-hoB^^^ ae8 8 2ttD 

20 ^ > * /M)C / N *=«nE«©*9-i,- ho** 

CO 12 4] AA^OC/Ni^^^a^ 

L C/N&±WT«8> < i: D .-^©fii&i 8 8 1 
fc C/NA* e ttTO^D + 

10 1261 c/N=d©^ D^monmm** 

D , - , J: »> fc «>, g {, IIIE^©^ 7 - U - h tt ^ 8 

85dC^nol:EthWTi:«:5, ^-JftHan? 
fj;™ D *-® B *« , «TiEtt*ttD 1 . l H« <!!j:V , 

IE#©x^-l— h# Ea fc E t h^Elifctos^T 

[0 12 6] C/Niift±i, T c/N = cCft,Mj 
»-.OK5PiE*©^-i ( ,- hi i A8 8 5 Cfc ^ 
40 ^"thCit*^^^ 

fcttrfBLfc*. C/N©fi|±fcfl£v\ C/N = b'rfc 

v^r d >u«wcflai7 sr * j: 3 1 ft *f 

CO 12 7] ^tC/N«± L c/N=bt:&,^- 

z<m H±E t h Jt 
WETSfcV,. C/N S a«, Tjft8 -8 6ftWtJ . 

50 + J; 
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[0128] £©J;7£bT, »»>fnEtBfc©fiaiflsfe 

{0 12 9] zoDm&s r-tmrnzuzmmv^-w 

n yfciS© «fc ? K c/NosWbCfl^T*-* StfifclSfc 

to i 30] immmz) ttT*«na©*3©iafi«c: 

[ 0 1 3 1 ] 0 2 9 tiMft 3 ©±tt0-e$> S. ^Sfc^J 

3tt*fwi©eaMs«*3 s ^*^Tvifca^yAtffl 

n&WftwU SiSS?^S©A*»W^4 0 2fcJu S&llffl 
»^i>3-y-4 0 l©A*a54 0 3CAi)U am 
B4 0 4CJ:>K Kir— SMliM?:— SWUM f 

-*wfc#«s*u E»iHiK4 0 5i=j;i>ffi»s*LHMj 

[0132] f6©A;>3Bft&4 06, 407, 4 0 8 
*HSllIlfti> 4 0 1 £|5Mft©ttJ&©£2Vi{fe 

x>3-y-4 0a, 4 10, 4 1 lCJ;t)£EttSnai 

[0133] cm?>©4*i©7 ; -*©?*>> miT—* 

?|J©4*&©{I^«U ^»S4 1 2©^1#1S4 1 3t 
J;DTDM*S«©«HH«t*fi<b*HT, SBIS*-* 

[ 0 1 3 4 ] $ 2 :r-*?<J©{i^g?©:£SiSfc b < 1 SP 
tiflS4 1 4lC«fc?)^mft;£*u S625=-*5)JfcbT 

seaucss&fts. 8 3^-*w©e^s¥©± 

»*>L<ttlSH±**84 1 5C.fc»j#fifl;3*U ^3 
5 s -* Mi: bTi£{f*B 1 KS&fti. 

[0135] cne.ftg»"caie«ii-ett3o©5*-* 

J$5lCiD7'>5 i 7-6i:£&g&7K e fc»K fiSMlOCSS 
&*«81 2K:J:&, M 1 §<i«£ 2 3 H© 3 H©£{S«1 

[0 13 6] gl£<a«2 3Ttt&i£ft2 ltJ;5*S 

r lO'moryri- 2 2f§tt-t> gfifi^©*©^ 

\T—*9\<bHlt'&\ : r-*im&&2 3 2tBSU 
IlBftr3-^-4 2 1 NT SC{i^*>b<fcfc 
7-f KNTS Cff ^^©®(§?^S©Bft^tli±l 4 2 5 £ 4 
2 6£f?±LHi±f;*-a-£o 
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[0 1-3 7] SB2a©«3 3-Ctt, *Sr 2 ©*g©T 

?-99mas.«2 3 3\Z£*)miT-t>?'\£m2y : -t> 
M*W£U ^2Ilfl»7 s n-*-4 2 2lC«ttJ, HDT 
V£Hf*©i*»«fiE©lttfcfcH:*J 4 2 7 « b < fc±Sfc&tti;b 
4 2 5. 4 2 6&B£bttl7J£-ti-£>o 
[0 13 8ljB3S@«4 3Tftt, *gr s ffl^Sffl7 
3 3 TgltT, 1 ^-yaiB £ffl 2 3 2 2 
^-^JiJH^gi5 2 3 3fc»3 5*-*?yW£fS2 3 4&C«k 
10 (3, !S15 i -*J?iJi:m2 5 ; -*?iJ2:!S3 5 ; -*?iJ£l?£ 
U K5=*'>7*— ^WHfflttffl©iBi«l»««HDTV* 

©ttftiMu£©Kftt&*4 2 sfcuwri-s. n*»m*4 

2 5, 4 2 6 6, 4 2 7 4,tB^T-S5. -flS©^^*;!/ 

ff#g 2 3 T-Sff bfct©£\ NTS C«©eilft©g&tfctti 
*4 2 6tl/ttBA?n4, 

[0 13 9] T-t±* &£H3 0CD^li§Hx>3-y- 
4 0 1©^D-^itSflv *»5££I¥b<SE^&. g 
ia»ffeK©ttflfe©^ttX*» 4 0 3fcA;&S*U #8t@ 
20 »4 0 4 4MtHB4 0 4-Ctt*7^>K3 

-x-f >y»SCK«tD4-3©e^t«-«|-r5. QMFf 
©*¥'d— ;i/* 4 5 1 hzk^P/W/^?^ 

4 5 2 fc«fc *¥fittat»fc*¥lW*^fc4»S 
ft, ■9-riJ;>7' , J >*gB4 5 3, 4 5 4CJ:!), 

#ttSflSn— 7 -< ;)/* 4 5 5 hfflfc; W 7 -f ;i/ 
*4 5 6lc«fc?>, a**¥fl£*SittB««*K B&bTH 

iVLe^fc^fittaiawtse^, BSbtH L v„ff^i3 
frt&zn, vyv->yv >*sb4 5 7 1 4 5 scio, 

30 >*I/-bS«i:bTffil8Si54 0 5tCj££>n 

So 

[0 14 0] *sf**Sjs£#H:» lln-;^7>f;^4 

5 9fcilA>f;U7-< ;i/*4 6 0tc«t zk^Pi^tfi 

9, B&bTH„L„{i-«f£#8i£*U ■9-7--9->7" , >'>*a5 
4 6 1, 4 6 2tcitJlf>7*U>*V-hfeTlfC, £E 
SSSS4 0 5lzm<btxZ. 
[0 14 1] EE«SSP 4 0 5TfcfcHi.V L {i^£!81EEfilS5 
4 7 l-C•DCT^©fi3a©£E«i&^TV^^ lffi£S5 4 7 2 

40 

[0 14 2] HLV„<f-^{i^2ffii^a54 7 3T-SSS^n 
!&2tB?jS54 6 4iriie»n5o H„V L ft^{±lg3ff$Sgf5 
4 6 3ti»)EiBSnSB2ai*SP4 6 4^S&n*. H 

„v H fs^tt^isiiHi!&4 6 stzz^mmmmz,^ ch 

„V H 1) hS^^JS^fi^ (H«V„2) 6. 
H H V B ltt^2ai*SP4 6 4^ H„V H 2li^3tB 

*®4 6 8^as&ns. 

[0 14 3] W:S3 1 ftfflV^T* lHfft^n— 4 

2 lSBMH-r*. mim&Tzi-y-4 2 u±*iae 

50 H2 3frf>©fcB^, ^lr- *?ijo* t> D ,5:X±jgB5 
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,° i 1 A * L5? * * 5 > r;USB 5 0 2 { - •* *>X * 3 > r 

ttALfc«B0jt*XXiaft5 0 4fcffl*« 5 0 5? J: 
'!)iramttLTNTSCflr*DHi5 0 8, NT 
SCfe^T-^ h7^7@J®©iii^5 0 7, ^k-TVm 

^yHffl®®Bff tt5 o 9 
^ 5 2 1 J; A* L,^ 1 Sg(5 5 2 2 

5 3 O^^A^L^iiJ^n-^-s 27i:J . ^ 

If f " A * ^^Ey^-^- 5 5 2 C J: «, 
m^Z**^*** **WW**lH.V.2fl»tf 

5 4 J: 5 5 5 m **™? 

r! rr " D,C8oa>HTsc ^>**Li/ 

^Ml~M6i:6^S-HDTV^>^Hll 5 
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3U 

H3 4tt*rT©J8MCD I g*fcLl 
TfcS. D,©MO601^i f+> ^ CHiV 

MO6 0 3tttH ?t> ^_^ HDTV 
?*** H1 ' tSWB30 ^ W:H »V2H 

<i03 1©NTSCt ) L<tt9^ KNTSCOTVfif 

[oi4 7] *S7>^*tt« w ^ S5JB35MJ4B 

3 H * 5f3 4 2 3 * fe ^»BMM?©-« 
oaftttD,OM0601i:D I ©N0602 

HDTVftr** W6 . 2*63*TO||«>f + > m 
30 NT S CCD* 1 ^ ! Ci «*hTv/*. I 

mmtmmm i x-^b^^^^^^g x x ^ 

AoTU£ 0 JfetHDTVO*l^^ ttL lfcM 
lt»S!l?ilTAoT^5. Ml liHDTVhNTSC 

6 1 lOPWfcAoTOS. ^BMbpsONT 

2^f?J^ L1 ^ t " S ^ M1 ^ {i 
2(Sffll2Mb PS C%^ LUMli:g-bt5> 
40 18MbpsO Wi2§iS33tf2M . 3 _ 

t^5ff**iSi^fti 5MbpsOff«fHDTV 

T-^* IfHDTVtNTSC SffllSfcttiST? » 

5. CI om&T +>^2fliHDT VCQff £fct T . « fe 
^ 821ttHDTVCj.7^>7A Mhf * S< * 
r^I HD T V ** ttL 1 ^ M 1 fc H 1 c *"«- 

TifoSSti*. ^-/t-HDTVOi^iiiD,^. 
*<f>6 0 3, 6 1 2, 6 13**K NTSC^M 
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US < -rftttttHttBHK©*SBH*J 2 0 0 0 #©*-^ 
-HDTVfI^*a3lT-§S. 
[0 1 4 9] 03 6©IBtt0ttD 3 T- 6o©£>f A 
-f >££«£^*-^-HDTV{t^£tei£L 
jj*-*-. NTSCE«©^ft6MbpslCl8!3ebfc*-&9 
<£©5 4Mbp s*M£j£T-§5. £©&»£ t>*ifflIH© 
H D TVSfegf §5. 

[0150] u±au saee^ofUtt©* 3 ! 1 *) t < &m 
gitcD2ocoia«jfflSffi^ci:{c«t»3, ffl&ftft/aatr* 10 

[0 15 1] H4 SttSBl^-^JiJC^fflttm^Dv. 
t mmiBWm^ D „ 2 v 1 - * 5U© fs] C < D va i: D 

H!l ^5U©DvifcDHi©^iM»BI*w-r- - 

©»d. Ml^-^JUCDSfifflSOTDvifcNTSC* 
0®«TVjsftfAo-C*Dil 5 s — *5U©*¥«*<3 
fD.,CiS*TVfif4»Ao-C^4. t£oT, SigH® 
T>^UA>fcoTV^V^lg{§«£2 314, NTSC 

se> *¥©w*isi 

©<S&7>^£*-ofiUg<i*»2 314, L, 20 

t M ,(g*S*fig b H D T V<t*f£f# 3 C 0«T * 4. 

lC«tbs — #T?I4NTSC#, UStttNTSCkHD 
T V *MS£T? § 5> & » 2 ^JC^ Itf 2> i: H -5 &8& 

[0 1 5 2] 05 OttTDMA*jSCUfc»^"C*. ft** 
-^-7h7 2 l©ftsBSS£|s]K8SB7 3 
7 4 ljMKttfcftT^S. X, 7 b— A©$fcsSSH-l4|5] 

jh«*»7 20 *it^*. c©^ii> &*-r 
t^£. h^a^D'j h 7 5 ot-iift 

>*;!✓©£< |^CS$a©NTSC, HDTV, 7.—*— 
HDTVSiSSCi:* 1 '*?**. #*©4"f WD? b 7 
5 0~7 5 0 etf^cailtv^. tt^TWSOtt 

2&-rs«-&, ffeSi:3aii:bxNTSc> hdtv, 

^-HDTVODiSSiiStlSiiMaWfeS. X> § 
ff«!l*)7X¥lliS7'>^^-T-^ 1 se«2 3 £feo#gf&© 
S6NT S CTVfflf SWI«7>f HDTV 

'^-HDTVftS^TfgS. t£3g{t«84 3Ct5t^ 
-^-HDTV{l^£55££ff£T-£*. W±©<t5C 

<, 04 9©«t^*a^e^©i^ra^mt)PitgT-*4. 

££0 5 1 CSt ftBWICtfttf i 9«)»KO 

HDTvis9ftii*"csa. 

[0 15 3] W±&-tfcJ:-5lcSSMfiH3EJ:»>«ifiMf« 
JgSHDTV, HDTVi:NTSC-TV03^0(It 



^tW!t £ c i; #T # £ i: v> -5 St fc S . 

[0 154] ^Ct, *JB9!K:J;5«»QAMftSRQ 

[0 15 5] *f> 1 6 SRQAMCX7-1/- b£fr 
fiC-TS. 09 9(4 1 6 SRQAM©{I^",&©^ Wl/H 
TffeS. SB 1 ftlBCasV^ 1 6QAMO»6, «*J& 

83a« 83b, 8 4a, 8 5, 83a§?©&16*-© 

[0 15 6] 1 6 Q AMfflia^jSS 3'attlffii(D I 
tt, Q«J:'!)(S©ffi«t*S. CCT 1 6 SRQAMfC 
n&->7 hfttt^St-Sh, gf)S8 3att 

3^16**S. d©«-&n{± 
0<n< 3 

SfeflB©e^jSl8 4 a, 8 6 a S/7 b LTff 
^8 4, 8 6©(4«C»»-r*. SBl^-rJ'WOlRt) 
s££Pe lh-TSh 

[0 15 7] 

[SI] 

-«-x-(^) + t-(*). 



[0 15 8] |g2^-^?'J©P»5^^Pe2i:-t€.i: 

[0 15 9] 

[R2] 



[0 16 0] fcfti. »36SRQAMi,L<l±3 2 
SRQAM©:t9 — 1/— blttUM"*. 01 0 0143 6 
SRQAM©^-^* b/HBTC**. »lftKC*WC 
3 6 Q A M©<f ^jfiUHJE*tt 2 ST"fe5 JUg** 5 . 

[0 16 1] 3 6QAMCDifjS8 3al±ffiW<tD5 
©5E«tcfe4. Z©flr4A8 3 att'3 6 SRQAMtte 
St (1^8 3fflttgCf7 b U ffi«WiJ;»)ntf©E 
Bf i:fc£o &*©fs^{4'>7 b LTff^8 3, 8 
4, 8 5, 8 6, 9 7, 9 8, 9 9, 1 0 0, 1 0 1 4: 

jsu:#fci/t, *jB4PSKae«Tfseu ssi^- 

9jftK9 0©«f©9H©(i^S&^#S , JL, ^2^- 



©^A^t4©^>57 ; ^^;^TVft^^^Itg{C^i4i:V^aSS 50 *MD,*H£bfc»*©K!>**P e 2 fc + Sfc 
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[0 16 2] 
C»3]' 



ttm¥ 7-99522 



2=JL«fc/-J2L_\ 
6 \{2FJ 



:2-32=-|-crfc^ 




3 VI 40 ^ n 2 + 2n^25/ 



10 16 3] fcfe*. iOS^, hi oifflC/N~x 

■«*»»ofe-«**-r. tt*9oottnato felMe 

*^32QAM C x,-^ h ^ to ttJig 

WOSRQAM^h«n*l. 6* UMMw*! 

0-'-«K^Ttttt9 0OtD3 2QAMfc« 
UTC /N«4S5dBTi«oTt.D I ttBWfo 3 :- 5 _ l/ 
- h T-«£f § S i: v > -5 3 o 

t0 1 6 4] Jfctn=l. 5®»#o|B2BWiD I ©i 

10--(^r, (Mi9 0 0t»1-3 2QAMtll^ 
TC/N&2 - 5dQ±TOv li: ^©x5- b - ht . 

M9 0 1b ( M9 0 2 blin=2 
0©±§^© Dl , D Bl«9 0 2 CttD,t5? " 

*C«C^T22a=l. 5, 2. 0, 2. 5(31* 
3 2QAMfcit^T#^D,tt5, 8, lOdBft^ 
tl> D 2 fct2. 5dBSWfcr4. 

f-f*JD.fc»25F-**jD,©C/N**BU03© 
vjhfini:C/N© M ^ T .^ ro ^joa^j. 

**° T * 3 2SRQAMO*^ n >0. 8 5 <D* 

fc*. S102fc^ Iffl8 9ootti 6 Q AMCx . 
-U-h^^- 0 M9 0 1a, 90 1b, 90 1 c{± 
!* tlr - *WD«©n=l. 2, 1. 5 , 1. 8 © 

9 °2cttS*»25*-*5UD,©n=l 2 1 



5, 1. 8©^©i^ — lx— h^^f o 

[0 16 6] il0 4©^7HntC/N©||« 

S104^^i^ 16SRQAMffl ^ n> 

o. o^sns^B^^e^^g^^^.^^ 

[0 16 7] -^-eSfrWfc^^^^TVCJJbJdft^t 
10 *^^C S RQ AMSlffi Lt^ c _^ J&stj H j 

o 5 im±mmm(Dmm TisT+ksusr^+nam 

fe^l"<;H:©B8«IH&jar*-. ffijgg 1 lfcfcjgp 

^-htioa-i. 5*^n„^9i2 . 

tt^XU-VHfewU ^9 1 0ttC/N = 15dB{3%5 
*jat?t«**a© 3 2 QAM*SC©SfiRISL^ft^f- 0 
~©L = 6 Omi le©^£&^T7^*;u©HDT 
20 V^iiAJg/t T .g So 

[0 16 8] L4»U ^«*OSe^©«fttJ:5B9 

fflwtc/NttsdBorti-esEft-j-a. c/Ntt^safit 

C2v^ft«i8t*^ T c/NtffiTt4i:ft»i:HD 
»§S4fc©S5Sfc«fc!), sl>«e<i:t,iodBaK©^»# 

6 o m i i e<D*mtov>±z<Dm&T'&mx- 

30 [0 16 9] -7j, *»I»©3 2SRQAM©*^ Wi 
®<D±olz®l 3 3, HI 3 7©*«tJ;5 3»©BJB 

TSC©^fc»D, ftl^BflD^TNTSCS©** 
^ TV ^^^ *2»»D,THDTV©JS«tf 
^I5^^^5„ MAttHl 0 5t*^TJBl-2 
mmtDV-KX* <J 7>tt^ 9 1 0 afflict 7 0 m i 1 
e*J»*-Cffi*U »2»»tt9 1 0b©j;-5fc, 55 
mi 1 ett^ST-^ii^-S. 01 0 6O3 2SRQAM 

o-y--trx^ij7i2ittc:©^£D-y--tr^jiij7©@« 

>*f?K H53©if-i;7xy7BtJ:W(ttsit W 
JHt«OT*5.H10 6C^Tfi«7 0 8, 7 0 
3 c, 7 0 3 a, 7 0 3 b, 7 1 2 tt^fife*^© 3 
2QAM©*-^xi; 7v ai-lBWD,-,©^-^ 
*'J^ iHPgSD.^t-^x.j?, IS2RI/ID 

ft^r. d©3*>, toS©3 2QAM©t-^x 
' [0 17 0] tt**5$©3 2 QAMCif^Ttt«a 



(19) 

35 

±6 0 W ;i/©-y— If^i'JT'^aa^T-gS. bfrU 

[0 17 1] UA>U *?Si©3 6SRQAM^Vv 
» 1-1BJB D i - 1 t M P E G 1 9 V - Y ©<£££ T Vfi£#£ 
*l-2KflHD,-,-eNTSC^U-l»© **£TVj5fc#& 
2HSU *2B»D.TfHDTV«D]K«TVJffi»*ae 

01 0 6©«fc-5fciS8P&£^i'— ho 

H D T VGD+J-- 1:^^ U 5 £ 4, 

©©, tMPMME^l'— KOEDTV©*- bT*:Cj7© 10 

ov^w±ii*u «lf«ftK<oLDTv©-y- 
-Kjucyrtti 8 

So EI 1 0 7li^7 h77?i>- nt> b<l±s = 1 . 8 
MSitXDV- K^^'JT&^U 0135li01O7ffl 

-y-- t^ai u 7*iB«-es b£ *>©-t-r . 

[0 1 7 2] C©CIi:K«fc»K -#Bfctfc*#5£TJH\ 

V^ T S R Q A M£5£&5S/B-f S - £ «t ft > 

CD gff^T- *8?(t> jg *• b < fcfc<£8?&K U - F T? T Vfll 20 
&£gmT-#3«k?&&{l#*Ji&i:&a. fi£-oT»«© 
QAMtl±«4t5 £;i/iHf^{Eife©S(§^fSffi*£i:G$ 

&T^oy@^e,©ttS£gtt£ot?&%wc:fc^T* 
C0 17 3] — *itctt#©f s s>*;uTvj«awsc'ett 

HSffi&H D T VSO«4:Sfk«IS b 

SJ©a<g#b*>«^'TJS«t*ofc. b*>bJfs38B.8T-fci«£ 
*CDNTSC-^PAL-^SECAH*a©(i£*Sa©TVg*«lfe 30 

£«fcft, f^fl/HDTVftjSOtaSNTSC^V- 
I*t,U<ttLD TVyi/- KTttfcStfSenJtefcfc* 
fcv^a&JR* 1 **. £©fc»«S#tt* ft'J>fev>«»fl& 

ttTV»«#«ttJ:ft#<©m*#S»&*v*fc«>TV 

[0 17 4] ES|t:*fiS¥t«?U- K©gfIttJ*i£© 
®*{±n=2. 5©»£, 3 6%ISE«*S5K:tfcbT»* 40 

[0 17 5] Ell 0 7© 3 2 S R Q AM©t-K 

;*:x.ij7''ElC» ; 5<fc-5lc.x nfcb<tts=l. 8©l§-& 

«fc»K &*©& SSi ! HDTV§t«tNTSCTV 
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36 

&£SU SRQAM©DitD a ©-y— K^^U7 , 7 0 
3 ah 7 0 3b*«iftftfl 1 C»3e"J"*wi:CJ;b, S 

[0 17 6] i©*§-& 
n>l. 0 

©B$, tt±©* 3 Vt-^X, 3 2SR 

QAM©S-nnl± 

Kn<5 

fcfcS. H*CLTl6SRQAMffl»^ntt 
Kn<3 

[0177] £:©i§-nE19 9, Ell00©,fc;5££'7r- 
S-ti-CSBl i:!B2BIJife»SSRQAM*St:i5W'.T, 
16SRQAM, 32SRQAM. 64SRQAMfC43 

lata ufe^^^fi^^iS^se*) b < (*ffiafi¥tesis£<&* 

ffl*L<ttfi4MJM6SK:tott, *ix-tn»2 5 s -^5U, 

s. 

[0 17 8] *M^J3-e{iEll 3 3 C^ot? C 

B$IH#l!l£>* (TDM) ^afcfifcAfo-ttTTDMCJ: 
a-y-7^ L +'>*A'*»W - » ECC Encoder74 
3ai:ECC E n c o d e r 7 4 3 bCC^t* «t -5 C 2 
o©-9"7'5 : -^>^-'l'©^7— IJIE©3— H^-f >&MS'J 

p§jiseai©-y-7 r 5 L v>^;i/«rtt-^-r^h* J -e&2.. d 

OS*, Ell 3 7K^-r<fc-5fc2^©1t;/f L *>*-U'© 
Trellis Encoder©Code gains£g£T& <fc^« pbV^ 
KWtt*iE-i-*SE8BW6©iai 3 l©ttiBi:EJ&-C&4 
tfe^BS-rSo Ell 0 6©->5. j-U— >3>t*JV>T{± 
^l-i-tfy^-^ >^;i/D £^1-21^7-* >^;i/D ,- 2 
5 dB ©Coding Gain©M£olt;£t§"Q£^ bT 
SRQAMti "C-CDM" £ <fcfcfiT.£*#BB.S© 
{l^&fS^SJ^fi^ (Constellation-Code Divisio 
n Multiplex) ^rectangle-QAMlCiSffl bfc*)©T*fe2>o 
C - C D MfiT D M^F D M fcffiS: bfc^mfb^^T-fe 

ft, ■9-7'^+>^;i'S:?#S^^T-$)S. d©{f^©R 
^Jf^-T C illCtftTDM^FD MCttfc^fiwBSFfi© 
ttSBtt*«» ^5. c©;ifctttt#ttH8i:K«S5£feE 
l!lttftft-&fttf&X91-*. C©«fc5KC-CDMI±® 

[0 17 9] £t\ C-CDMtTDMft«*^btfc 
HIB«t«V^fc*««»»lfl#«*a (F DM) fcia* 
6t>*tt», PMi©Mfl[ffl«»»jR*»ft*iiS. 
) tt, TVttaCffl^fc*^ H10 8©TV«*©«|6 



(20) 



N T S C;&550«*tt* «9 V 5 A 7 2 5 © «fc o & flg 

7 2 4tt*nH4f*S<&v^. *2VM0qp»ft»|t Sfc 

+ 2 2^Jg(tSJ:^(-^i^^.;^ 7 2 6^2 

2 7K#syu§-*tgl{I^7 2 0i:i2if 
7 2 l*a&SCfcfcJ;0^i8stt|!«-cg3 o |gifi^7 

2fe^7 2 1 fc j; ^^^Sff^^^^^^^g^ 

[0 18 0] CCTHl 3 4t^o^ 32 QAMS 

*£^fc«>, MfittThresholdltt-y-^i- >*;i/B®« 
fitTheshold2{CJ±^T4~5dB/Jx$<TSV>„ ft^T 
4 ~ 5 d B Mfi£DH ?^2 i!©Pi£Jf SM£#gtg| -r 
So U*U SfI/f^Ob^;U*STheshold2 
WTK:iftSfc«*affl^rtiftd5«>S*2e^7 2 1 a® 

<D'J>&^» 1 7 2 0 a LfrgfcT? < & 5 g 2 

j 0 1 8 1 ] U*> U *$8m3£fln*fc»^ i/osc 
w+.fcSfc*r»l«*7 2 0t.C-CDMCJ:!)ff6- 

itAn-rSo :«)Wlfflfii^7ft>*MofACS 
£»£«#«£©##*©■«■ *. »2jSf7 2 1S3 2S 
R Q AMt L, W+^MofBc^jnp 
^OMffimiepaholdEfc^t)**. f 5 fc«*U^UOTh 
reshold- 2 tT* ■=» T « §{fT- S & < .5 . fi^Ji^ 

mr-7r,-tm2m^7 2 1 aoft^&tj, tf7*-*.>* 

;H of B^7f +>*MtfSiTg5fe«, figl 
[0 18 2] -*®*^+>*/n = #»!W|« <0rtd 
* *^-S©SS&flS«fc Afts £ t C j; 

fe^tet&s. »2isf72it, raao^aftffli, 

«*1 0 5 0*OS^ 5 2 5*tiDAT» C-CDM 
fc*D7 7 5*©tf- K^UTMofc*. 
[0 18 3] COJ;^ia Ti FDMfcC-CDMSfi 

2««WFDMfcJ;!»2oot7f+>^t 5 



7-9 9 5 2 2 



[0 18 4] SCTOMtC-CDMSfift^tft 
S*»H-«*a5«cifi^* Q B10 9CwtJ:3t7tD 
Vfi^Ctt*¥»»lB! 7 3 2 i:^«^gi5 7 3 1 # 
**. *¥*ft»aJ7 3 ZCDm^lyOl&l&^ztt, d 
o*IB*tt«F»**itTt.linit:ffl**nft^ci:i«- 
T^i-;bTVif©^7^-DyTVl^t 

7jc¥®^as 732 ©isn©*3|z«iipijtii^ D v 

10 h7 3 3, 7 3 3afc*Hfc7 J -*, mttE»ME** 

-©c ttSfcHJ-ear&^TfT'-^SitVi, 
fc * tU* S ± 6 ft 4 i: v ^ # fe 5 . 
SB7 3 5, 7 3 5 a©JW|fflt:RHBar-B-TSia»ttP|«B^ 
D»h7 3 7, 7 3 7a*»»T*PWlO»*#»6*i 

[0 1 8 5] 01 1 OttC-CDMCfiBUHTJfcS. 
X, mi 1 lttl 6QAM©&?gJig©C--CDM©=i- 
K«t>MlTIHS*U mi 1 2tt3 2QAMfi;?ii|§©D 
20 -Kta&^THftS-r. Ell 1 0, 11 lCgVj-ASfc 
2 5 6 QAMtt«l % 2, 3, 4®7 4 0 a, 740 
b, 7 4 0 c, 7 4 0d©4o©Jffcfl.tf6j v% 
4, 1 6, 6 4, 2 5 6*-©-b^>h*fco. JM* 
7 4 0 d© 2 5 BQAMJDgf^- K7- K 7 4 2 d 

ttsbit© -l 1 1 1 1 1 1 i- T .£3 o US2b 

itfo4o03-K7-K7 4U, 7 4 1b, 74 
1 C 7 4 ldfc^fflu 2, 3, 417 4 0 

a, 7 4 0 b, 7 4 0 c, 7 4 0dOfl9AW7 4 2 
a, 7 4 2 b, 7 4 2 c, 74 2d'tft*"ll", 
30 "ll" "11", "1 1" £1S|^TS. *>< LT, 

3. El 1 lttl 6QAM©4fiS»K©j|^fl<, ft ^ EB 
*wU HI 1 2tt3 6QAM©ffiS6JK£jj**-. C-C 

s^tij^fiTj^ (f dm) ^ttimaai^s**; (td 

li J f#^i:l>^^*tffeSo CilTC-CDMSat 
40 J:tHfUV^«flj^SCftfBHTS*. Rectangle-QAM£ 
fflWCC-CDMfcBSlHL&#, «*jA*6oft©Kll 
SiSMBMcQAM^PSK, ASK, -f- LfMl 
WMmSflrejAfcAfeU FSK*.|5|«{c^afb-e? 

[0 18 6] «Atftta©8P'S-APSK©-y-r^+ 

[0 18 7] 
[R4] 



nmW- 7-9 9 5 2 2 



40 



[0 18 8] V7fr>*)\<2<DP 

[0 18 9] 

[»5] 



* [0 19 0] 16-PS-APSK (PSS) ©ItT^ 
-v > w 7 - u - Hi 
[0 19 1] 

[ft6] 



(-£-) 



(SlfS24-l)5\ 



[0 19 2] tf:/*-*>*;i'2©. 
[0 19 3] 

Pc2- 



[ft 7] 



, 16 =JLerfc (-§15 V- crfc f" 1 ^' V- crfc ( J ^ i ) 
4 V 2a J 8 I 2a / 8 V 2a / 



i 2a 

[0 19 4] tt7f-t>^3iZ)x7- U-M± 
[0 19 5] 
[ft8] 



Pe3-io=— erfc 
2 



[0 19 6] ^Si-frS. 

[0 19 7] S3 7l±^fi£€?iJ4©^:i*;<D->^^A0T-* 

T-i$£BJ3b*:^2 9 t©5tvM±, mmm(DT>^6 aifi 30 
flfe±fi^ffl 7 > =r i~ C ft o x v x £> i: & sew® & * © 
7>rt2 1a, 3 1a, 4 1 a#Jft±fijjy87>rt 

m#mxt.*z. areata ssiawtpj**** 1 ^ 

fttK Ca6©»©«-CmK*aQAMgCHUfcffl^T?tt 

[0 19 8] L*»U*»«B©eaS8Bftfflv>fc»^ El 

3 7©«fc?t3gS§&£T>5 i ±2 2 a#a5^1g{SM 40 
2 3tt«J&6 4QMA*He^*.ly<tt*»l 6 QAM 
aEHS^fcSfc LT4PS Kir- KT«M8 LIS 1 5 s -* 
?U©D lflf SffttSCCNT S COT Vif 4«f 6 

[0 19 9] *Kt|'gE*fc7 , >7 l ^-3 2 a#i&Sfg2§ 
MW3 3 T-l±iiJMSi!fc#ft#§SV>fcto&JB 1 6 Sfctt 6 

4 Q AMS9fr6»2r-: ^Wk* 1 ^-^WSttHTJ 
|HDTV(|f^f,hS. t£oTP]CTVS*a£HD 
TVt«^5. 50 



[0200] j&sm^ibH^isMm<DT>ri- 

42a£toi3 gflSS 4 3 6 4 Q A M<i 

^©«Wfca#fca&fln?fefcfcK>l&K 2, 3 S 5*—* 
5IJD1, D2, D3*fM^«aEJ*«KHDTVe^# 
f#£ft£o Hl>TV«Mi*fi«fc«i:H 
— HDTVT?«ArcS*. 

[0 2 0 1] £©»*©fflttft©E«JJ8sttBI3 4, h' 
35, |S3'6©IBI^^TWIII*BB»*ffl*»EBfc: 

lllf CNT S C©L 1 4i 1 f t D2{f^ 
©^l?--V>*;U©MlKHDTV©M#tim£N D3 
1 *■■¥•>**'© H 1 JCj@!58?&* HDTVCi 
»HMR4Stt4wttJ:!3NTSCtHDTVJ:iffl» 

^jsh d TvtH-©f+ >*;i/-ea»t4ii:* l 'C & 

So StI3 5, 03 6©«fc-5fc:flk©?-V>*^©D 2 

«^D3e^*ttfflf s^ta^ffiFRiafnnKx isis 
bh© h d t v jpmnmmis. h d t v t * . 

[0 2 0 2] KU:©<fc5fcE^Krai:ffi©fcS 30©? 1 
y^;uTV%±ai5ISlo©^-\'>*;ut»L<J±fb©? : - 
+ >^©D2, D3©^«**«fllUTtt26Tf**4: 

rt«f©TV«fife*»flfeK-eftnK, ±!>I£*SI1©JIM* 
TgffT- & 5 £ V> o 5 o 

[0203] 7 £ is*)m±m.mtvT 1 6qam£^ 

fc6MHz O^Ss© H D T VMi^A^lS £ jXT ^ i „ 

DSSsa^N t s c©»j*-+ >*;i/ta«i-a*-f 

■fr^h^O^ffltfBuffitft-p-CVNS. 1 6 QAM 

©are* e^T-^s-y— tr^^';7'6 s ^<ft5ci:4s : ? 
ic^ -v > * ^Sri&tt * ig-s^ft < ft £> e it x-ft < > ifigg 



(22) 



[0 2 0 4] BS^ttfttt^^^ 

iiHDTVtfiSujWtiifciJTfSSKftj 
[0 2 0 5] fttrias 3tt*» W cjt*«i« (|)aka i 

*W®a«TOjW70 2J:{)e TR < ft4t UA> 

u ps^oaflimni? o 2 * a^n©^ 
**nt s c^<m&&2m°jm®®7 0 4****- 

5. tt±®2t)C Wfr6iashii ZOfllAc^y 

-f 0 ** 1 *»WttWn^B,7 1 
SSI"*. lottHDTVtNTSC*^^ 

* ££2 *™ fcH » t =»«'**«2«,W M |7 0 6 
[0 2 0 7] l3WS^HDTV«i T .* T ,^. 

J5K?JJ. ca * fi '* i * 3WMW7 0 7 

DTV 0 ftfl WttST8t<ft84It NTScSS? 
5fert6Btti£<& 5o S6t^Dyttjs«7 1 lfrt 

«ttWL*^T, NTSCTVOBttTJWi««fC« 



vp 7- 9 9 5 2 2 



[0 2 0 9] *fc2»«o fifiMra;tfflv , twt - 
^S-tt,-e*«. HDTV&HDTV, NTSC <ff 



[0210] jfcc^*^aas*« T ^D4rttat ttss 

So **#5W>16QAM*4ASK*B© 

fcSfe^t6««7 1 3 4»*S^fe«,HDTV©50Rrt6 
««7 0 8tt*n,t/jvS< ft , TLa . 5 . t^-Siy 

[0211] ftCBSSt^oft^^^^ 

20 fe**a©«BRTIMW7 0 8 J; Lt > 
U fl£3(E*a«t5xSl^HoNTSC*©fi«tt«s» 
^iMW7 0 4*» 6tlS . -.Wi^JK^S 
-WBtHDTVU^fitgflTgft^ii, NTSC 

I* HDTV*, NTSCtiJ §i ^^ o 

[0212] a±©j:5tBb«ttaMEoaKa- % 

ftttiJSS^s. HD TV/NT SCTVCDiSt^* 

t> * Kttim&mmcDtt^ifim a tzmmr- at t/d 

£Cfc#T-#5„ C©toHDTVfflt-^x.j7 

m 2 ^-^^j©fi^o^^^ fit - 5 , t { , j. 0 H 5 

5^L t7 -j;^ MDTVINTSCo§tw 

» fc'-^^NTscogfinrtBjauiafcBB^,^^ 
[02 1 3 ] ®5 sit. mm^jmmizw^tz 

*. «feS*^^t^tfT§5t fe , HDTV^© 
*»«««©irtt««7 0 3tt7'^D^TVa*fc|Sia 

® se^«« 7 0 2 * T -&* T - § s . 
so [02i4j* LTw^oawwriMnifflBMw 7 1 
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4 -e its v > t mm* s it a & toamotiipiffio t >^t- 

t s c t voafflT? set? £ s 0 * fc^«c wv^iatt 
© 7 > y * £ ft v ^ &»& 7 > T-i-a&ft&x m t & s i& 
i35scD*iafeHDTv©affiT?a©-Tj*a. <£8?&jk§ 

flftBtt 702efcD£<ft9, B5&©;&2IJI§©<£8?&je£ 
«RTi6*a7 0 4 a ©Steffi* 7 15,71 6TfttT> 
^^-©}i|qItt©*|q|C* ittaSfflSfi^N T S C T V 
©S{4T-B£T-§So 

[0 2 15] $T, ^aD^Oyy^^atjSO*!** 
FBJ13Ltt&£ «t t) l£ Wtf— K** 'J 7©HD T VflCiSa* 

D T VftfiMGHSKftf i £ £ * KJfcfc^T-ligfa^ 
Hjf&T-fc o &»*Jlli***teHl«fc43^T feNTSCT 

v ©&&-*:•«*&#§« -e § a t-^^i y t©* 
[0216] (hjs^j 5 ) mmm 5 fr&Binj&igrbgii 

t) ASK*i5;tfflV^fe^©^iSiS^Jt-feS05 7i± 
^;ffi#J 5 ©4fl© A SK{g^{l^ES0 &7T>U 4o 
OS9jS7 2U 7 2 2, 7 2 3, 7 24Si^. 4ffi 

©«£• 2 b i t ©rr-* & i rnmtm a ^ t #t- & a „ 

H^7 2 1, 7 2 2, 7 2 3, 7 2 4Sm«0 0, 

0 1, 10, i nc#f&£-esci:#-ets. 

[0 2 17] #»!JifcAS»Ji3i{SiSfctf-3fc«&fc% El 
5 8{C?>1-«t^(C,-fI^7 2 1, 7 2 2£10©401' 
9Sgl©{f^g?7 2 5i:LT£H\ «^j&7 
2 3, 7 2 4£SiJ©y;i/-7\ Sf 2©{s*3-j£g?7 2 6 i; 
^at-S,, ^LT2o©{s^j£g?©FiS©fiSPB£^IB© 
«^-jSl©MPH«fc0iS<f S. ^*D@fA7 2 1, 7 2 
2<DT3miZLt + Ztm^&1 2 3, 7 2 4©HI8ti:p] 
bLT&0#, {1^7 2 2 tfs^^7 2 3©Rt!RBLo 

[0218]o*t> L„>L 
k»3e-T4. Cft#*SPJl©I^JiS{n^>;^2*©£fS$l 

«fc t> -B3 ft 4) U < tttl&lft K L = L o K & o T & V > 0 
[O2 19]^bT05 9 (a) ©«fc ? £ 2 o©{f 
HtcSf l^-^'JD,©! b i \<Jy=r— *£*f/fo£-e£ 
d g*. «*tf*l©«*jjM»7 2 5£0, 312 

©« 7 2 6*1 fcje«i-nK» iiT-wi 

b i t©fl^#5£iST-t£>. ifetC^27 ; -^?iJD 2 ©l 
b i t©{s^£&{§^i*©*©2o©{t^&£#j£i;* 
-t£S. 05 9 (b) ©«fc5£<!^7 2 1, 7 

2 3£D 2 =0fcU ff^7 2 2, 7 2 4£D 2 =1£: 
*ft«* 2 x-*MD ,©**-* C©*8 
2 b i t/->>*;i/£:fcs. 
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[0 2 2 0] c:©«to^{f^4BEg-r2>-iilC«tb, 

Stttt^©*IMPHe^J&;frSi:*fc !> ttfeu. u 
C/Nfifitfi£^S-&, «^itli^<T-^-*S4 

^- * ?u d 2 lis # * < & s m 1 7 s - * BJ D t fcfc 

l±0 6 0 ©idlers o &gfi*n?«£L&«* 
10 ^tty-YX J f>eSS^^<t t3, «-*©'^A««7 2 1 a 
7 2 2a, 7 2 3a, 7 2 4 a©l£v>ttHfcjtf£*4M& 
tttdMR-ra. ;r©J:-5&t§1^, (1^7 2 lfcfs^ 
7 2 2, (1^7 2 3i:fs*§7&7 2 4 ©EgiJ#fi b < & 

bi>L0*>£B^fr&cfc?C{i^7 2 1 , 7 
2 2ffi^-7dlf^7 2 3, 7 2 4©y;i/-7"i:© 
KS'JttSSTJfeS. o*i)*l©©^»7 2 5fc*2 
®(g^jSlW7 2 6t©ES'WP*4. C©fcfi), SSI 7 s 

20 S„ 

[0 2 2 1] dobt 2o©|ige©7 ; -*FiJD 1 i:D 2 # 

Stf«l^t?l±^ 1 ^-*?iJD , i:^ 2 WD 2 ©Pi*^C/ 
NfflSv^JB&tW!l«tatSBl7 s -^J'JD,©**»S^ 

$ n s mm 3Hs£#t- ^ s t ^ ^ ^m^fe ?> . 

[0 2 2 2] 0 6 lttjg{IM7 4 1 ©^D <v ^0t*X^ 
35 7 4 2l±S5l7 r -^?'JA^Si5 7 4 3 fcSS 2 ^-^FIJA 
^g(57 4 46»f,i^ti5. ffij£ISI&£86 4*>e>©«6 
38K[B:X*fB7 4 2*>?>©fi^$:5!lSa5 7 4 5f*t» 
30 fcA*(I^fc.fcD**»7 4 6C*V\TtBrti*Wafn$ 
e,tC7-f 7 4 7tC«tt3^*lJIS*nVSB(a^© 

ASKfs^^^tJtB^gc? 4 s^^ffi^^ni.. 

[0 2 2 3] dCT!7-f;u*%«»L&«©a«J*0&C 
OVNTxE^S. El 6 2(a)ttASKa£«e^©««»«- 
^PET-fcSo SCi-Stdr-vUTCPifJlCfJljffi^*^ 

COfi^-^^-f 7 4 7©A> \t/*X7<< 
6 2(b)©SfgfI^7 4 9©«fc^CCdr^ 'J7^*'>b 
SUTM"(H!l©fflyiS^*Blt)*S. cn&VSBfl^i:V> 
f .fc«MSSER««i:r4J:x «lf 0 /2©^I« 

»e»nTV>5. 0 6 0©ASK{s^l±7C*2 b i t/P 

1 6 QAM© 4 b i t/S/>*;i/tffiS1-5flMR«5!i*fi 

art-;**. 

[0 2 2 4] *{C06 3©^D »i»iaT^tfili»7 5 
lT-liJte±©Z>7 i 7-3 2 at-Sltfcm^liA*a5 7 5 
2^^T, 7 i +>*;!/aiRKJ:»3^I*+5nI*«tBS7 
5 4^f,©ff^t, ig^gi7 5 3Cii^T©££ft, te 
^*Hffl*»CKi*S*X*. *t«tft»7 5 5lZ&^X 
50 LPF7 5 6ti Yia^iitt.*) 



(24) 



»»JB£8 7 5 7 t «fc ») ft 1 JfiJD , fcJB 2 5^-* 
5UD.#ff*S*l»i^-*WiB*a7 5 8i:J|2^- 

[0 2 2 5] *Ciffl«e«fcgi»fl|s fflv ^ TTV g^. 
*j5S««-&&B4g81-4. El 6 4{±B*^M^(i^7 7 4 
©7D^i t .$ 5o HDTVfg^CD^igTVfl 
^tt»im*i>3-y-4 0 1©A*«4 0 

U-y-?vf> K^>f /I/*— «®ttft®£ttiBi&4 0 4t 

«t5, H l Vl» H l V Hj H„V l , H„H H *©i««TV/g 
^fcffitfTVfc^tajBSih.a. -©t*J??ttDli60j3T- 
H3 0 tfliHTKIiLfcOTfBUWtttBt*. # 
«*n&TV©^ttffittgB4 0 5t*^T, MPEG? 

V^ffl$fi5„ ffi*Sftfc4o<Offl|flfef f -*|i^ fi 5ag 
7 7 ltZ«koT^l7 ; -^^iJD 1 i:^2^-^5IJD 3 CD2 

iB^e^ttai^-^yijC^na. i£fc*CD7 4 1© 
* 1 ^-*?JA;*jg|3 7 4 3 fcfl) 2 ^-^^JA^gB 7 4 4 
tA*£ftJBrf]gBHfcg|^ VSB?©ASK{§^£;ft 

CO 2 2 6] CO^S^Jl/TVUaoTVSMHfcfeff© 
7D, ^M6 5T*i. *±7>ft3 2a-eSi 
^&Ma»*ttTVg««7 8 l©<£©g{f«£7 5 1© 
A£35 7 5 2CA^$n, tft»«g8Sl57 6 0t«k!)g{3 

tiy % l7 i -^?'JD 1 i:^25 ; -^3?ijD^S^?n^l 
7— **lJiB*Sf5 7 5 8fc»2 5 J -*5Uttl**7 5 9*>*> 

^tt#*IK7 7 6tAas*ii. D./i^Ji^Sggi? 7 ~ 
7{C«tl3^fi|^nH L V L E|S J 5g ; 9.|i^i A ^ a 5 5 2 lt 
A^^n^o ffli^fci^figfl 7 7 8tJ;9D 2 {Hfi;-&j5£ 
£*iSi2A*,£|5 5 3 1 tAASns. SB 2 ilj&^rj 
t*wr * 1 AirSB 5 2 1 tAofcH t V,.EE«3 ^J4, 

* 1 <* as 5 2 3 tct t» h l v t fi^fcflifi$niii«^k 

a55 4 8 t®i®it^S[p]gg7 7 9{c^t,tlS. ^©T 
VteWHDTVfifffl^, H L V L m^l±-7^ K©N 
TSCfa^tft!), SOiSfi«NTSCg^<o<B^ M 
P E G 1 © J: a ft N T S C «k t) att #<gt ><g8?&jg T V 
flWcft*. 

[0 2 2 7] COBiW^ttTEcDIttflMgHSSHDTVS^ 
i:RSLW5&», H L Vt{f^±9^ KNTSCCDT 
Vfe^i:ft3. TVCII/^^i' hifctfl 6 : 9T-fe 
ftttl 6 : 9 CDWffiitm<D££liitl%n 8 OS^UTS* 
*m*4 2 6i:tTt±i^-rSo feU TV©!!®^^ 

* hit* 4 : 3T**ltt % BliEMt¥££|i]B7 7 9CJ; 
f 1 6 : 9*>& 4 : SCliTX^i- hitOU*-** 

**JB5W»iM K^*;w&5St«jELTtH*a57 8 0fc 

■rt"UTIftf(lffl2;4 2 5 £ LTtB*;-f 5 0 
[0 2 2 8] m2 7-*Jimt)®7 5 9*>e>©|g 



46 
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£«7 7 6©l§rfiKi§7 7_8t;fcu 
T#gfgg7 7 7©i^fcM?n, m2M^=i-V(D 
%Z2 XtJ^5 3 1 CAAarfu ^-gS[lJg§5 3 1 1 J:6H 

#513155 3 5, ^3{f«g{55 3 6, 4 ffSgiSt^?, 
tl, #S?nT5c©H L V Hs H„V L , H„V„ff^i:ft 
5. Ctie.©M-ttH L V L {l^Siax., H&AJiBglS 5 4 
8tAA;*il, ^^tlt 1-^CHDT V{f*f i;&»)£B 
A»5 4 6 J:!)HJASix, W*ffl7 8 0 ft^UTHDT 
10 V©B*^/t-^4 2 7tbTtti^?n?,o 

[0 2 2 9] Z\V>m±>&7 8 0l±m2 7*-*wait>®7 
5 9©Sg2^-*?ij©M£ V&ZWkZ 7 8 2 

Tf«» -7 - u - h ifins^m&i* swimz h t v L fi^ 

[0 2 3 0] W±©«t^fcUT, »JiStta©2S<g x g 
fe#°Jt6i:ft£o 0<J;tfcfTVj£{f 

-**u©Bi##i?£-e*3©-c, HDTv©fis{2-esm 

20 *fLTf±, 9tl^-*^J£|?£UC©V L H L f|N§a>e> 
fi»ffeK©Tve^sm*-i-s. '©Ci:tc«tt) x HD 
T V(DSitiLt> L < ttN T S C T V© a " D &T-|5]-Si&&£ «t 
t>£^*«TgmT§Sfcv^»i!i#S>3. 
[0 2 3 1] *&H6 6fflTV»fiM|©^Dy^Bioj: 
of3§U^-*?ijtB£g|$7 6 8«W-CSMI«I7 5 1©M 

^£Sifrft < T* <fc < ft « &»»*jfc#:*;rtJttt««fl; 

T-g5 0 mm^o-v-n (031) •cresiiu&jBiH 

30 VCfiateOHIflfc^feixs. HDTVOffifflTJttSJHg: 
SfeT-§ftVN*§ffM©3^hliArtl{c^<ftS 0 fto 

TVf-<^71/^ £*>o^<©gfl| ^rAl^MUS; 
[0 2 3 2] 06 7©ctdftSfi)c(rt-Si:PSK{f^^ 

«wt-s*Mttijise«fc a s Kft ^itig.mtzm±m 

»^ M7>rt3 2^t,g®bfcPSKfi^{±^ig 
40 S7 8 7»6®ft*j:ad87 8 6t^Tfi^ 
fiV>ffl««t*ft$*iTVge«7 8 1©A^3 4(C 
A^^n, E6 3tIWLfel^7 5 3{:A^h 

*#*lfePSK, tb<ttQAM@fttaa93 5tJ: 
!>7— **JD lN D s *s«^$n, ^SSg(57 8 S^^LT 

tb^jSP7 8 OJ^ffi^ftSo %±ffl©T 
>t-^-3 2 at J: ^Sim^hrz^i^^ ;m±tSimiiT± 

nvmmz, xti%n 5 2 iz At, ztim 6 3x-mw Ltz 

50 ©4:rat7'D-fe^-e«^S7 5 3tJ:!)»3go^- + >* 
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tttZo 7^oy«MTVffla5Cifi^S7 5 3KA&& 

wsii*. msm3L%7 57c 

j; t)5s-^5ijD,i:D,*«S**iT.* 2H?3-y4 2 

88Ci5 AMmia£ tifcT^-o *t vm*#da*» 7 

8 0 J;>)tU±i£*i£o H6 7<D«!JER&4:4i:fi-&«7 5 

SKlfifflVMtm 'AMMi©fc»fl»fl)7tny 
a26kllia©l*«S7 5 5fcLPF7 5 63F©g{f[l]g& 

s*«-egSo y.±©«td^Bi6 7®^Bei3t-st^;rti 

£. 

[0 2 3 3] fgJ&0!lT-l±4tt©ASK<l5^£2o 
OiW— D i, D 2 ©2Jg©& 1 b i t ©PS® 
SHra&fcfT-sfco bfrb, 06 8©«fcol;i8{ii©ASK 
(s^*ffiV^i:D„ D 2 , D 3 ©3J1 ©# 1 b i t©Pg 

^/S<±{t^7 2 1 ai:7 2 lb, 7 2 2at722 
b, 7 2 3 ak7 2 3b>7 2 4ai:7 24b02tto 
$ ») 1 b i *ICD2©(I^^{±<S^»7 2 

lk7 2 2, ffl*jfilW7 2 3i:7 2 4©2«©1 b i t 
D,Of-i'tt*ifjSS7 2 5k7 2 602 
HClbitt&S. C ©*§-&, E5 7©4o©ff^ 
7 2 1, 7 2 2, 7 2 3, 7 24*S24r©If*7 2 
lafc721b, 7 2 2 ai:7 2 2b, 7 2 3 a t 7 2 
3b, 72 4a£:7-2 4b£#&fU #f /!/— ram© 
BKBSJBI-cklciOajioieJBSCGSSffHlffii:**- 30 

[0 2 3 4] ^©3®©P§«S(E3S'>^7 i A^fflV>-C3 
»ORffeeaS*ff ^ - ttt^SSCT 3 i: 3 T-UtBJl bfc*,© 

[0 2 3 5] £-CfSfl60iJ3fttl23 0 © ,fc -5 fclffl*-* > 
3— ^4 0 lSKWl/fc* 1 , 03OcyD'^il±, El 
6 9©«fc-5£»£&*5-i:#T-g2>o rtg(i:£< P] b 

4, 404a£2o&o„ d ^SSSB 7 9 4 fcf « 
fc, H7 0©#«»©:7n«s>*|Sfc:**\i J; loco 4( 
^(BHKte^S^ffl-TJ 2®a-r-i:S:J: "JBttftBI 

4 0 3 *6«HD T V W-«-H D T VfflWMWtt 
KHHMEBI1I&7.9 5C*D, l#IH«*EE»*ixTfl« 
HS&4 0 4lC«tt), H„V„-H, HhVl-H, H l V„- 

h, h l v l + i©4o©idWK:#ite>fts. C©t§^> 

*<f*^7 6 6, 7 6 5 a, 7 6 5 b, 7 6 5 cfcfcl© 
{4B£ifc$, EKffl4 0 5C, H„V„-H, H H V U - 
H, H L V„-H©3o©{l^-^Hl^-rS, b*>b, H L 
V L -H©fi^tt>W v*-7 6 5 c©i±J^J l*>e>B#fflift 5 
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S3jg[SE§7 9 5©X^2^X^b, K $ 
B##giJ&3I©£gBSRS£#BllH]!84 0 4l:I^Iffi 
3£ftH„V„, H„V L , H L V„, H L V L <D4o0Dfig^-lC 

#w-e>tmi±»£ftSo i2to^i^^yf7 6 

5, 765 a, 765 b, 7 6 5 c ittiitl 2 ©ffiBCg 

t>z>tzv>. 4o©«fl-ttBB6Mo s^ai&ft*. -© 

«fc-5£b-£H7 0©$J&£fcSB$#fU5GS-r 

[0 2 3 6] *E£©J:3&3Ji©»Ji3S©Biffefci£* 
fr ? i:gfg*M8 C liUdfifll 3 ©0 3 3 © 7 D <v V BIT? 
BBb*:ot-5&, BUft^a-^i&Hi:*:*. * 
§&x.£tl§]7 1©J;-5*7'p ^^Efc'feS. jQ3fl&:b 
tt«-5t»©©lRlt**©^«5 6 6*2oi?ffi-ri.^ 

[0 23 7] cnttH7 2©A^**J**i:5i:ia7 0 

S. H7 2*KB8i-SiiN Soo^-fff, 7 6 5 a, 
7 6 5b, 7 6 5 c, 7 65di:J:^ *1\ *-fS-> 
^l(C;fc^-t, X^>vf7 6 5, 765a, 765b, 
7 6 5 cOA** ! ira5ffc>5. tT*^ ft Iff MS 
5 2 2, SB2«i*»5 2 2a, »3W«»5 2.2b, » 
4#ft»5 2 2 c*6ft*HiVi, H L V H , H„V L , H 

c^ttfiwa*!*^^ y^-7 6 5dca6ntB*i 

«fc ») tH*; bWUvW »f7 65 c©Aft2£5£S>iT,So 
c ©ifttWi^fcfc t * *»fcflttft«»*»t! bfc 
H L V L -Hj&#©{I^T-fc-&. »<0^-f5^2C*V> 
T, v^-7 6 5, 7 6 5 a, 7 6 5b, 7 6 5 cfc£ 
Xt>2lzWWt>Z>„ CUT, ^JSttH„V„-H, H„ 
Vt-H, HtVH-H j ebTH t V t -He^*«-&dl»5 

5 6 css&*u ^aaissftT i o©!*«OTtf»e>n 

So CWBifc^ff^JiX-f *^7 6 5d©tiJ2/2 .fc&Hifc 
955 5 4*»&m*S*l*. 
[0 2 3 8] C©£? Cbt, 3Jf©I^JiS;KS£§{l5 
-rsa^Bt^SiJ^ti D 2^©-&B£tl* 1 *■£»]»*• 

[0 2 3 9] $T,C<D*att.*f*'f5^1C^ 
-CH„Vh, H„V l , HlV„, HJdsf^AASt, H 

i ..VL-He^fe^j&s-e-*. *©a> ^^^>^ii:S'J 

©WH^>f 5>y2C*^T, HhV„-H, HhVl- 
H, HLV„-Hi:±l3©HLVL-H(i^S:A^$-y-N & 

2 0©^-7"©{i^©^'f ;>^f?>«SM 

[0240] t»U ^tti:, A*L^{I^-©±13^ 

«fffll»t:»(K-rSfc»^'f 6 5 * 7 6 5 a, 7 6 

5b, 7 6 5 cC^t'JSKttmU »l««ftillE-r 
0 ^CfctfjBRfcJft*. L*»bafe««©afifi9*H7 3 



(26) 



Rife*. ftoT, *©«0*J58*i«*c*:ai:^a» 

[0241] 073 ©l$/!SiEfEia©D 1 {±&Mfit%©|g 

>**T?H t V t , H i. Vh , H„V L , H.Vrf»fta!), 
^^^2ffl«^D2f + >^fH L V H -H H 
hV.-H, H B V,-HS»5»^og^O^|fflEB^ 

[0 2 4 2] *fcSffi«©ttS3J© ft #^ o 
»*^-r5^ffiiro^T^S 0 @7 4(b)tti*<»/» 

™,^ 81 °^ 81 ° a ' 81 ° b ' 81 °°S 
MSWB***-. dOHfc^-r, ^-^fflffltg^- 
*8 11, 8 10a, 8 11b, Slletaian. 

zfcfc&a. tSt, B7 4(a)o:rn**l8Cjjt-r* 

2 s»^8 1^2ft^LT*^i:#sSB5 0 3llA 

* t5, W * tt » ^- * 8 1 0©A;fc5S7|fett«|^-* 

8 1 l©l«M*K:ffli«jBa ftmv ^ 8 ! 0(;DMS 
«£7&, »«OT-*8 10a#A*tSCi:CSi5 t c 

•Pl^fffig|55 0 3^fflt5;m§5. Cob 

j 0 2 4 3 ] 0 7 5 ttH D T V *3S«f *»^ob*ME 

cec«iataH l v l gtsH l v l (i) 

-*l£D 1 ff tC^TStr-^ 8 2 1 ©ttBCftffl 

SH L V„, H„V L , H„V H ff^{iD2ff^©^-^8 2 
la, 8 2 1b, 821 c©ffiiCEg t5s ntg 

i ^>^(D±r<D^-^<DWtzam(DTVfm<Dm 

^TfeSS-J^-^8 2 2, 8 2 2a, 8 2 2 b, 82 2 
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[0 2 4 4] H7 6CJHCD1OTC, t*-* 

8 2 1 , 8 2 1 a, 821b, 8 2 1 cSEttLTfcH 
6*14. iim©4PSK^4ASK©J;a 

[0 2 4 5] 07 7tt N WAttNTSCtHDTVtJB 
*«SHDTVt,L<|±, filMMENTS-CfcNTSC 
l:HDTVOi5ft3f fflWfeftW)!j|:2-OBafe 

+. «Att, ffiUWtNTSCtNTSCtHDTV© ■ 



3*©w«fcsaa-*- 5 »* D im^mmmuTsc 
wtfistw^^^-^ 8 2 1 ne»s*iT 

^S. X, NTSCO^ifl^ftSHLV,, H„V L 
H„V H 0#^co@^ {±5 r_^ 8 2 1a, 821b, 8 
2 1 c©tiICH$nTV>4. HDTV©^gtfi^ T 
&i>H L V„-H, H„V L -H, H„V„- Hotter-* 
8 2 3, 8 2 3a, 8 2 3 b fcEBSftT^S. 
[0 2 4 6] C^T-fct, *«B0!l2TKWLfc^5-ariE 

«*«JtttH t D I .ttD 1 ®*Ko*OD l - l ^>^ Sffi 
WCH*. D,.,ft >*;i/|i3S«0i 2 T-i^fe «fc d t 

to, ffb©^-^8 2 la, 821b, 82 1 ci t)C/ 

K*V^*.ffi»fltK©NTSCTV©a{ft-e*lfifeB^ 

20 h Otef&f^ D ,<S^©*©D + >*;u C 
8 2 1 liD,.^t i/^fcjfeSflh®^-* 
82 1a, 8 2 1b, 82 1ci!)gRtt|fta|<,i 

[0 2 4 7] D^oasBfcfcjt^flCjtD.ffl* 

/NtO-»fi^ge Sfefl : Tttf H L VJf^o£t> ffi 
30 *M!NTSCSWff4$ft 5 . fbT< C/Nffi# 
*fcfc^5^*f*T?ttin*TH l V II , H H V L , H„V„# 
B£2*x, NTSCflttf S4T .| 5o S6tc/N« 
©K^Se*f1:TfttH I .V I .fc:jD*TH l V„-H. H„V L 
-H, HHVH-HfeH^^^sfc^HDTVfsi^B^ 
5*15. -5LT3o©|5i/lcD;&£#T-£S. 

9 0 ©*fett***ia t <fc 5C2IH3 * fcjfc* 
[0 2 4 8] -ClT?H7 8ttH7 7©IS M E«©«^© 

fc#&£fcg|7 4 (a) ©7D^»ijsep^fc^ 

[0 2 4 9] W«tKl|Btifc*Y?>yiC^TA 
*»5 2 1 J:6D lfi%4s,A*eU5 3 0i»)D2m^ 
VXt>2tiz B H t V H «c©#ja^H:^|Hflgt^K*fiT' 
^Sfc»C*l6tt^-f 1 2tiD»ftS5 0 3C 

MK.SfiiiLT&e,*,*. C©KJ*ftB7 7©l»flHK 
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51 



52 



!6i?^>*^©h l v„, HhV,., K u v a imssm^ 

ft, f5^8 1 2 a^Ut, -&fiK^5 5 6©rU^© 

A;frascAft£ft, ^ans^n, *th l v l -h{s^ 

tf^fifcStl*. ;©l^'fyf7 6 5a©aj*14 > 
e,;*^ s»f7 6 5©Aft2t:A:fr£ft, £-fi£g§5 5 6© 
H L V L A2>gt5CA;>3£ft£>o 

[0250] ife^*^ * vyzc^t, i7 7©p$fa 

iSgat^tioCD 2{1^©H L V„-H, HhVu- 
H, H«VH-Hlg^**A**tiWfi«5 0 3t±!>««* 
£ft, ;W yif8 1 2 a£rt-bT&{i^#1^&S§5 5 6 10 
©^©A^CAftSft, -&^$O.S?nHDTVfs^ s 
m*>£fti»o CfflHDTV||fli^'f>^7 6 5 aCUi 
±;2 it)tB*a5 5 2 1 ^^bTHDTVfl-^^tB^^n 
S. ±j£©<fc-5£07 7©B#fiSEB£<fc Sj&fi-fS::*: 

V^a&JRtffci. JSi*, 07 7t±«fllBE«ia-eB:D 1, 
D 2e^©2o©&Bi*fflOfc#, hu3£©D 3{f^£ffl 
Oik, HEIlilMiEHDTVfcinit4-30lBJBfflTV»iS 

[0251] 07 9ttD 1, D2, D 3©3)i©^SPg 20 

Hiaaia^feSo 0A>£B£A 1 &<k-5£|5]— TV5 : -i'>* 
;^©&i£#ttl$FSltt£mffib&^^<fc?£EBbT;&^^ 
X, 0 8 01*0 7 &(Dzra y^H"CBMBbfcS«*t» 
3A*>SB5 2 1 atftnAfcCflNrCfeft. IS 7 9 ©1MB 
E«CJ:D8[iS-*"*£4:fc*^ 18 0©^u y *g|t 

^-r «t a fttam&flifiKt- ae«3b«*BS'c s * t ^ a 

[ 0 2 5 2 ] iWfcfc, 0 7 7 ©B#fSEB0, 17 8©y 
Dv^HfcSKPlt"T?*5. ^©fc»iftB^{i«BS-Ti>. 30 
X, 08 l©B$[SE©0©<fc?£D l{g*f£:£T©{i^ 
i&^itsckit-ta, c©±§i&, f-i- 8 2 1 
kS'J5=— ^ 8 2 2 © 2 o©^— * 147 s — * 8 2 1a, 8 

12b, 8 2 1 cttt^Ti5-PiEI6*ftJ6»T* 
S. ^©fc», fk©^-*£lt^Ti^/i#itS<&oTO 
£>. BuM©«tai3t)SW{ctt-raT-$>5* s lHSfl<](cJot2 
S©PgJl<ES£kftoTV>£. X, *fi3 L *>*;H©T : 
— # © FtS (dS'J©Siffi^- +■ > ^ ;u 2 ©gij^— * tfJS A $ ft 
TOSo c©fe», S(i«MRlT?5<' l JT;i/«lSi I RltBi:& 

[0253] 081 (omrswLmmcom^ mme^umm 

ttt-oX^ZV. =r—Z 8 2 1, S'J^-* 8 2 2©fii£ 
m-j bu-h£l/2-?>l/3fc?gfc-f;:i:K<fc?>, C 
©^— ^©Gi^B#©^^-U- h*nF#S£:«>, 

3Jl£;ftS. 

[0254] 08 2 fcfc, 08 l©B#ffflE®0©«fc7&, 
^-^?'JD lff^©^^^^^©!^^-^ 
2 3©7D7i'K\ 0 8 0©7D 'V^tC^-fB^ 
n-^lctt^-C, *?>W*&flMti:fc*. KltfH±08 0 50 



[0 2 5 5] KJL±©«tat, 0 8 l©B#^iaa0©.td 
J&i^fHf ^^j3KS1-S k.0 8 2 ©yo * * 0©<fc 5 C# 
J|gfS5 0 3£rfi£g§5 5 6©aSfS:^rtilCfiiMT-S?>kV>a 

£ftS*:tf>, £-f&§§5 5 6oi 003 2 ©Utt^JESffi 5 
4 8©l*]g|3©[E]S§7'P y ££A:fc-f £IB&fiS#KJfobT 
Jf^HlCfc £>, t,A<oiP©yD <.y^£B##i!lT-ftffl b 

[0 2 5 6] ^±©«fc a C LTlfi#«:**dETS(S «tf * 
jSc-CSSklr^*** 1 **. SSJfiffd5TfH:, AS 

K£fS£ffl^Tt!)^£g&B£Uf;:i s , 3aifiW5t?»ill8Ufc 
< O^astt&BfiW 1 , 2, 3t:MlfeP SK^QA 

[0 2 5 7] X, cnttoaSWttFSKitHttiffi 
its. 0 8 3©«t5tf 1. f 2, f3, f 4 

©*«©FSKaEHfefT$»£\ S£fl50i5©EI5 8 ©ft 

^E«ia©J;5ty;«/-7'{bfefTV^s «*>-r©e 

[0 2 5 8] 08 3 C*OTJSI«»f 1. f 2©JB«R 
#8 4 l£Dl=0fc5£itU Jl^iSf 3, f 4 
&SI8 4 2SDl=li:«|g-rSo ^bt, f 1, f 3 
£D2=0, f 2,' f 4£D2= 1 k^ltSk, HCct 
Dl, D2©S1 b i t, 3+2 bi t©PgJ!S 
e&tfnJI&tftSo 'fiflfctt* C/N©*^»&ttt =t 
3t*5V>T, D1=0, D2= li^S^T'i-, t = t 4 IC 
*WCD1=1, D2=0#S^-C*^S. *CC/Ntfft 
Ut|-&{±t = t 3£*OTD1=0©^#, t = t4£ 
*V^"CD= 1©#j&*J?£-C&*. d-5UTFSK©PiH 
Sfi^t^S. 4, 5tMLtfttSf 

©B«S©tt»K:c:©FSK©raJiffiea*SCfefflo4 
Ckt.T-§5„ 

[0 2 5 9] X, 08 4©«fc?;&, 7D y ^HCwtt 
aBBfikW^SSBC *»IW©^«I«1 5&fflv>SCii:^T-# 

(giM^j 6)^6 ©^55e{?ij i ^m^mwin^ 

ASKe^iCt^HJ^afflbfca^-^^bfe* 5 , Is] 
UKat.^lB© A S Kffia*SC©«SWBIiS^8Bt=*i 
*»W&*Sffl-r*^ ASKffli, PSK, 

FCK, QAMfC#$gBJl©C-CDM#5££3Sffi1-ac 
k C <t 0 ligliS©^©^^^* 5 Rlfg k & 5 o 
[0 2 6 0] *f, 1 6QAM^»3 2QAM©aBEStl3ak 

*at*BlWr6. 08 4ttQAMlcC-CDM?fe3Sfflb 
1ti&$<Dzrxi»j*m*TF>-t. WTQAMSC-CDM* 
Bibbfe*)©ifeSRQAMkD?^o 

[0 2 6 1 ] 08 IZ&WfZt, aai3as*SEB8 

5 ll±, A±;bfcHDT.V^©ift^>{I^$:iij^>3- 
y4 0 1©^ lli^>3-^4 0 1 ak§f§2Iffl&:x> 



(28) 



03 

U A*»7 4 2 1 *-** JA3MB 7 4 3!;H 

ws8 5 2o^©s6aaJ7 4 9tA*-rs. mir-* 

>BA*«7 4 3Ttt, «5-inE3- KtfE C CSB7 3 

i *? I " 4 lZ 2 ^ Wtt 1 6 S R Q A 

36 SRQAM, 64SEQAMOW, 2bi 
t -Sbit, 4bit, CBWBECC7 10 

744bt«t!,i 6SRQAMi 32SRQAM, 64 

°; * 1 2 b i t T-m 2 *-* ma 4 b i t 

it" ^^ 0128 ^^&Trellis Encod 
bit? -^ 4b ittU t , R a ti 0 3 
/40Trell ls Encode**?*. C3LTJM«*±tf 

sir?******- mu TreiHs Encode «^ 

^m^-t^tmLz^. mi*-**** 
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25^64« tas ^ T .^ t ^ 3 , 

AC^5*^*iUirt I S8 5 7 aCJ:t)*rti*n«^ 
» *8 5 4t«Mr-r 8 5 5±CJB«**ia. 
CO 2 6 2] H»W7,-t, httBi 1 3<DKm 

* o«* tt i 6 S R QAMfflifff 8 5 9 £flNR*K!ft 

p®"^ 8 5 9 a*»^t Easft5 . waaRf 
.u.&4;H7^8 5 9 bC±!), AC;W7^t 40 

«\ n2^B^T-§5^fiS{iTh-l-2, Th-2©2o^ 
f??I So ^OC/NU^tio^g 5 9 
* 6 2 *W 8 5 9 C&£D i ®*#|Bft|9£ $ 

J0 2 6 3] ±e^t:.i 6SRQAMSffl 
*JMttB10w 3m . X368EQAMM 



#««**u 1/2^-^8 5 8btJ:Df 0 ©«a»Ai 
B±**l«»S57 6 0 ClOS^SnMfiS 
«*fl^T*»»7 6 0 t^TS^fcHWl;^. 

^•8 5 5*^fci^ i e^o^^CD^JL^^- 

*^m&^-V4 2 2C«fc»>££^ai S 

HDTWTIlffl^MS15Mbp S( S 
HDTVOiK,rhb- h(0TVflWff44ftSi c 

IM <OVH ST-7t«a«(0|[C/NS!r-7fctt 1 
OdB«±C/N<0««* 5 . Wl«lC/N«fl)fiHK 
^J-^-78 5 5 ft^fc«*ttC/N«#fiv^» 1 

So -®&»iH5 i -*3ajDltt S £ T .g s4I| g2^- 
*«D2©2bit*L<tt3bitt»L< tt 4bit 

-*JUO#A«B±*il5. 2®CDPgg^cDHDTVil^ 

E«f3^ *»«Jfctt«litt 7Mbp s ©^ KNTS 

[0 2 6 4] sfefcigi i 4©7D^B(^ tJ;5rs 
2 5*-**jai;t7ffl7 5 9 i:St2^-*ji JA £g|3 7 4 4 

) h U- h*fflOE»H^«« 8 5 1 *-o©S!EJfc*Bfc 

*«T?»* » 1 ^-*J» JCDD 1 ft*©**,, 

tt3£«**lfc^. o*i)RU»«S!oHDTV©^i l sg3 
•*hfter*f-785 5tt4Lft W , -*©*g 

**«OE*S4»BT;B:i7-r KNTSCTVfifiSff 
i©i§- HDTV»««c^TNT 

scwaitttuw^j,^ JMMsctt«it 

t£EDTVOx3-^@{j MliHDTVffl?:3 _^ 
hT-mmz-tiZ. -0,te(CHDTVi;EDTVOiliH 
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nmx-gZ1Ztbrbfc^m&&<Dlimifi®%.X-gZll^? ode gain©igV^7-ITIEft£*V ^v-b- M*fi< 

^©IPfig&t^-rftil^T-gS. C«Z)«t^tSg|f4 [0 2 7 0] W±tt2o©|igJiftfcO&ftEa£ii?£ig© 

ft5S££«*,ft#£}£3St4#f# ^ftShfc&tcH&fcfc© ©^ffi^J-r-abi.^ «C 2»©^SPg/llc 1 JB©tt9P3 

S&t£&fii«T-£6o t£?T«**BU(5flsl/«6V^83ail Ji&JnAfc 3H©»JB©«ftIB»li£St«©£llli0!lftia 

^SOMt&^m-TSCii^oJtgfc^S. C©fte©IB 1 3 l©^ny»BI*fflv^TttB8fa. WfiCIl, EI 

Bfc&iSfcLTttSaifim, 3fBMBLfcttffla£»lCA5 8 4fcHl>*«T*ftMS lf'-J'aiftTDMC J: »K 

Pg/f §B&fcT-&£>„ 2o©+J-^-^>^;i/{c^-fijU3Jlfili§C LTV* 

[0 2 6 5] ^#J5T*l$iB < SUfcASKK«fc;5i2&&T- 10 i. H13 1twti3C, *-j*HD'T V^ttSB 1 IB 

S3. J^2ffiKDB»ft£ttfcLTH5 9 (c) (d) *3i>3-. ^4 0 1 a©*©^ 1 — lOMfecVa-aM 

C^-r<t^^4ffi£2o©^;u-7 , C^-lt, PtJlfbT-iS 0 1 cfctgl — 2Htx>3-^4 0 1 dCi5, 4>« 

5„ i:W©MllfC2'3fflT-i', D,.ifcD1.2fc^« 

[0 2 6 6] ASK©J©^©^D>v^[attEI8 4 hlUb £ftA7J§B7 4 2©^ 1 t 1 — ^WA*S5CA**ns. 

HJECTTl&WbfcW^Cai^T 1 — 7±©^ h7 MPEG^U— K©IBH©7*— ^JUD.-.ttECC coder7 

s^KASBMilBafc-Cg*. X, ^-UIEf£*/£& 4 3 alc£^TCode sainOtt^ftl!) ETIEff*fb£S 

^t, ^-*ftlt5?iHb^£-h£<fcSliJlltt«:PiJl§3& *u D1-2&ECC Coder7 4 3 b £*5V>-CSIS©Code gai 

fcT-&-5o nftfcoSI&ITIEflF^fliftSfta. D.-^DUIiTD 

[0 2 6 7] CCT'^3fe&fe2:©S&ttlC-^-tifi^ MSP 7 4 3 c C <t >) BSRa^fiflsStU — 005*—* WD 

So VTRS?©g3SlMf£ge©*Iteft§9!5g-rSti 20 D,tD2(iC-CDM^aSa57 4 9"esEH$ 

S^fcA^TfcifKiaB^C/NO^-rftfflVvt ftttft^y K 8 5 4fc«fc t^ft^-:^ 5 5±C» 2Jf 

09A.H1 0^mj©5 1 -7 , tifc^T» ^ffiC/Nffi [027 1] »tl*Ctt, 1« 8 5 4 C J: D . 

lil 0dBtt±l«8±U-Cl^*. £©»*» %2Efr& 1 0 **ifcKfR«*tt% 0 8 4TUiW Lfc©£:RJ«©fi&#{c: 

^~2 0^©^*(C^3V^-C7 l -r^4tg>^) 5 [£iI±UfcB#^ «fctk C-CDM«Hg67 6 OlC«t»3Dii:D2{cm^$ 

■e«LV*»»*HSrt-6aWh tf£^?5-5S;-ettlBVN«^ii tlS. m5 s -*jyD,tt*lf s -*'lHa»7 5 8©4> 

©H*tt*i:«Ci:tt#«CKl/^. d©fc»SflB^*& OTDMS7 5 8 cC*V^, 2o©1r^+>*;UD 

l±H-Stft*> b<fct^5&T-fc.5t§^#^;b>ofc, ,-,fcD1.2t:aHff*i5. D.-.tiCode gain©igVECC 

[0 2 6 8] #$SW©*§£> ST, ^ff^-T" Decoder7 5 8 a(ci5V>T> £ !? ITIE^tiSfeto. Dl-2 

xmi7-*n*^<&m2T-*m*imm$L-t&®. 30 ctt^-cD,-itt<£v>c/Nfit{ci3v^*.«a?n^i-i 

*&ft^><S., ifet^3fe^-7 , ©C/N*s^rtJ{CfRl±bfc BBft^a— ^4 0 2 aCJ; 5 LD T V#Decode£ftffl*f 

B#^T-*^B^^^»^fflUT*lt«±{4©^— ^PSJl© -#Dl-2f±Code gain©Sim©ECC Decoder 7 

^— *m«!g3^-*W©^-*ft&AoU 0Jx.fcf3 5 8 bici5^-r£!3lTIE^nSfc«)s D l-ltJt-^5 t 

Ptil©6 4 SRQAM£|g&B£-f ?>;*— yt— HDTV it&l>C/N©* W>*;b Kffi ft ^Ottofi^l"^!/*) 5 ;*: 

VTR^3K^1&i:^Sglft«*.'&:A s e,3l^-ri.Cl© & < *V^i:|?£TS«K^. * UT, Sl-21»i>3 

*9J*T!3JiI3»;Srftfc«ft5 l -:7ft, ^l^-^?iJ> HNTSCyu-fOEDTV4«a*Sn5. 

^2^-*^Jb#I3&B£T-§&VMB&t&©2/l©i8ft [0 2 7 2] $ 2 7 s — ^9"JD2ttTrellis Decoder7 5 9 

KfcW^B-CSfl&Ufctt^, *37*-*WI±S£-eS blcfc 0 Vitabi«*f Sfu ECC7 5 9 aCi5x5- 
fcV^tfSgl, m2^-^?iJtt^tS^T-tS, C©fc 40 ITjESfu *2iffl«3i>3-d r 4 0 2bC«tDK*Iii* 

»HDTV{f^fcj:||££ft3o ^©fc©tflB^K©i: ©^fcfclK D,.„ Dl-22:^i££ftTHDTV#HS;t( 

ftteftfil-fc&tf&W** E*7*-**ftl65RtJSSfcV^ c©»£-©D,©C/N©H«ttDl-2J;»)*S 

33bHt#ifeS. <»«1-5. 5 5 © C/Nffitf/hS Vvt§ 

[0 2 6 9] iiT?H8 4©lift»ff©»lflCSa. S ^ D,.,-3SDLDTViSff£Sn, iim©C/NfiS 

^SRPttMSt^-rB 5 5fcttft^* H8 5 4 2:8ft ©r-78 5 5 ©IpD i-i, DL2o* DEDTVtfB 

ff£l]S&8 5 3£«fcf)f?£{i^ftj?£b5£eg3i8§8 5 2 C/Nffi©^V>^-7-8 5 5 ftffl^S 2; 

m.mm±mS&m\ , 3, 4 2:J5{£|iiHi?oil!tf1:ft D,-„ Dl-2, D2o£»}HDTV{§^##£;**l£„ 

■*-«fc«>BMI!ftWfa. SUSS 7 6 OtCfc SSgl^- [0 2 7 3] d ? IT 3 Jf ©Pgjf ©5&fts3liff££SB# 

*?UD 1 fcSB^-^MD 2ftff£U ^2=r-^W& $mt*o mIin©<t^(-7 1 -7*8 5 5©C/Nffi£r3X 

Vitabi t 1 ^ -^©Trellis-Decoder 7 5 9 b{c«tt), c 50 h *«SHB©»^filffl#tt 3 o©^ 



(30) 



co 2 7 4] mz^ns.m<Dmmtm^^m^ 

5 5±C|iT^^^^AO|3^hv^^ 8 5 5 ai:&© 
TiS^xftvBmm 8 5 5 bWmZtlT^ 

So E^1-5«to{C!3^h5v^ 8 5 5a©^a!{: ; 
OSS!3f««8 5 5 cSiSI^ flk©$f«&£ D ,.213^ 
^8 5 5di:t5„ Z.tHt&*o>tmh^vi?®L>r\z 

h7 ^ 8 5 5 aCD^^®D2fe^H^ 8 5 5 e Cffi 

^8 5 5 f ttiacwf J:iC»Hh9y*fc--aLft< 
&S. HI 3 2t^t*ftific*^TttT-7(f.ife8ffl 
*^MCK*htD 1 .,ili«|8 5 5 cfetttfT I 
&S 0 -©fcto&S-^CSg^-ffct&SAK 

g i &#© ldt voiBH-c-ii^ s *<ro-ii3M®Bnef£ 

MCRttfrftfttft® LDT VfflJ8^&BHJft4ij5*Sn 

L4»U -®*^t^Tt.iai3 27f^a3» 
f^fcftLDTV^- K*OiBiHeD»|Hr*«ia^B«j fc: ffi 

:fr£*XS. 

t 0 2 7 6 ] c ^ UT, *$gfl£T-l±§atl h 5 » *©-{$ 
0*^*«tLDTV^U-K01i«*l3«r«fc«>ft 
ffl #&IB£i9a27 [nJ©ifL£ !> «f t L D T V ^ U - H CDBIR 
T-^ ©BB^fltllcaff^ftiBljtBISS^-eg S& 

& s„ 

to 2 7 7] sfefcMao^atJMcw^i 

ktt.fcD 1 . 1 |3S««8 5 5 CO-SJtS^fcftv^ 
«©D l . 1 .D,gB«H«8 5 5h*aft«-S. CfiD1R«t 
*lt5*7f+^D 1 .,C|iLDTV0l7^A 
©-ffiOttfWffiafiSftT^S. LDTV©ai>© W ffi 
SDm ' D»I3««*8 5 5hOD 2 g3^«^8 5 5 j 

'-^D 2 T-l/3~l/5ffl®«CD5 i -^±©LDTV 



58 
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fc»^*«TfJfeS*«8 5 5h, 8 5 5 jCB3Slf*S 
fc®, ^»K©M/-^«flBT.,tit'CT«Flfflt.iii*t, 

as. c:©£»d, 

^Tgf6t3-5|gfjav^2St,«pt:fe^ &LDTV£D 
[0 2 7 8] C©*a;tt2BJi©VTR©»^ D,!3 

io s^8 5 5 j *s^-ra*iB*«&^&tt, »£©?% 

>3 8#{3l±W^T-^a^,, -*3»»©M(M6avTRfc 
#(, vt tt 2 (I jt^T 3-5 flgf»V^a 9 ^ 1 6 litt 

10279] *&2mmT-&mmm$:mttzm^zts 

1 6 QAM9©a«oMl^ 7t(4 BWifflOWMffHS- 

^di-e^au. 

JO [0 2 8 0] HaHOlSflECllftftEIW-s^o^Bijp 

SfcV*. bi>U *^B^©pgJi^©HDTVVTRT-(i 
LDTV^U- h'tttftStf, ■n®ft?D»*<z>*m 

[0 2 8 1] *«i80HDTV0 3f|©BWiB»t1fo 
30 fe»^83»W4«©C/N*«JSv%tSttHDTV*©J6 

N#<SV*»^*fB©<£^tt^^ BTS £ u&» 
^ *7<f KNTSCSfflEDTV^U-KOTVjf^t, 
KttiS»iSNTSC§tDLDTV^l/-KcDTVp 

[0 2 8 2] a±©«fc**H*«^ fc M W «iaH B 

* 5 *<aofe»^K:*v>xt»ra-rtS©|ftflfttfiv^»«l 
40 S„ 

[0 2 8 3] (^g^j 7 ) 3UE0l| 7 l±*ftW* 4 M© 
»«PB*eaStffl^fe*,©Tffe 4 . SSJB«2T?Kl|liU<- 

*S d k (3 «fc 50 9 1 ©gftttSfflUBIfciSrJ: a 1 4 

•©s©*«#t?&s. i^n^iwtiig 

fe«i£8 9 0 a, *©*MHCS2Smra8 9 0 b, I 
3§fefg^8 9 0 c, ®4&m®®8 9 0d#T£S o 
-©4»«ft||3a-j-S*3Ctov^TiE^S. 
[0 2 8 4] 4»»££ S *«fctt£HC €tS 4ji© !fc 
50 SPt/l^^-7-fTIEtg^©MSiKbt iS 4J|©tt3iRSS 
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tt*#ftc/N#«s>gi:fcs. «#bu ®m°jm*z.t 

v>. 31He<]T-feS©li> 2Ji©WI|SiJii: 2Jl©fi3IPi 

£t*!^{f ^£ 4J1 C#8ST££i££3£^S. 

[0 2 8 5] M9 3tt#8t[5]S83co:7n y 
gHUSS 3 tttt^SSHES 8 9 5 £ 4o©ffi*g[H]8&rt>c,tft 
ffi$n5. #88[!S§4 0 4 a, 4 0 4b, 404c©|*l 
&(D&jt(fi)teffif$.&> S3 0©^lia^>^-^4 0 

l©4>©#St[s]S&4 0 4©:7ny*Eli:|H]b&©-t-l&B3 
tt^Pfc-rS. #8SP5]S&4 0 4 a^f±lft&<s^£{Eii&£# 
H L V,.i:^B£^H„V„i:^HB5c^H„V L , H L V„©4 

[0 2 8 6] ^-CA^bfc^fS^{±Bifc^f!S[a]S&4 0 

4 &izx*)^M^t&mm.w~ 2^-fij^ns. 
sfi^ipj{c^-S!i^n?>fc«)4o©fi2^A s m*^nso is 

T, AWff tflU 0 0 0*fl)HDTViM&H 
L V L fg^ttSiB5 0 0*0, 7k¥»^JKt.^OTVfl 

[0 2 8 7] m&l8,fr<DllLVi.m^\£$-t&®&4 0 4c 
(Cfct), ??>{C7jc¥, gfi;£ft©Jie&f&/&##&-*2# 

sj^ns. ttfeotH L VLHi*jtt0 | J^«aia2 5 o*, * 

LLf£#(±ffi^gfS4 0 5 aC«fc9ESg£*'U D.-.ft^ 

[0 2 8 8] -£,.HuV L ©it5^f£#©3j£#l±^£i§ 
7 7 2 clZX!) lo©LH{HfC£fi££n, S8SI5 4 0 

5 bici 'jffiss^nDi-sff^fcbTm^^n?), d© 

mtt. #8f[slS&4 0 4 c t-6-f£§17 7 2 c ©R3£E*§S5 
£3oi9:ttT*>£^o 

[0 2 8 9] iSSiS<fc0-©H„V„, H L V„, H„V L ©3ES, 
#&1^fi£§i7 7 2a£«fc»)-0©H„V„-H{I^i:fc 
5. ffiBSm^#Sifi7X¥i:fc 1 0 0 0 '©ft 
^fctzM*, IWip|l:5 0 0*~10 0 0#©f£#£*> 
o. -=£b-t#88[H]E&4 0 4 bfcfc 5 4 oCDfiSt#tc#8t£ 

ns. 

[0 2 9 0] SeoTH L V L tli^i:b-C7X¥, SiS^© 
5 0 0#~7 5 O*©^* 5 ^®;*^*. Cft£HH{f 
ftU. ^U-CHhVh, HlVh, H„V L ©3fiE#fcfc7 
5 0*~1 0 0 0#©f£#£f£, -&f£&7 7 2bf£- 
f££ft, HHf3^i:'5:!5E«®gl54 0 5 dT-£E^^n, D 

£0#~2 5 0*feTF©fi£#, LHo* t) D .-^fg^tt 
2 5 0#W±5 0 0*WT©J^jKSfiSi^HLoS t)D 
tt5 0 0*tt±7 5 0*ttT©^ HHo* 
0 D 2 - 2 {f *ffct 7 5 0 *fel± 1 0 0 0 if.WT(Om^m.WL 



jl) «M¥7-995 2 2 
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T-&5i:V>-5^m* s ife ; S. £©EI9 3©#l8£[Hlj&3&ffl 
^T^StfJ 2 T-I&B.J3 bfcEl 8 7 ©iSfifcfc 1 ©f ©#8f@ 
g§3©S5#£S&frx.3Ci:£<fc!K 4 Jf ©pgjf Stei^ 

[0 2 9 i] ^ a bTisia^-^^iiitJiMe^* 

10 3©{g^&m^ff^t-SS(IW±^5^ 2 X&.W b 
£08 8©^2§{I^fc|5]b«fi24:l!)^T-$.i»o C6oT 

&f¥b<ifti«-r&„ 

[0 2 9 2] mMm 2 JCiS^TH 8 8 ©§<s8i©^o v 

ft, ^"7 — IIiE^ft, D,-„ D,- 2 , D 2 -„ D a -, ©4 
o©fi^i:&?), i^f&SI5 3 7 CA2j;*ftS. 
[0 2 9 3] ^dfEI9 4 tt^i&SP 3 3©7n^@f 
20 fcS. AftSftfcD,-,, D,- 2 , D 2 .„ D 2 - 2 <i^fc£{* 
ftS55 2 3 a, 5 2 3 b, 5 2 3 c, 5 2 3d£^T 
ff«£ft, 09 3©#$@&£*$^Ti&B£bfcLL, L 
H, HL, HHff^hfc&o d©<l^tt, 7C©BJfe^<S^ 
©*¥, SB^fRl©^^li:t-Si:LLI±l/4, L 
L + LHttl/2, LL + LH + HLtt3/4, LL + 
LH + HL + HHmof«i^5. LHM^{±#SSg§ 
5 3 1 aK<fc t>^SS^npJ^-&fi£gP5 4 8 alCfcV^TL 
UI^^fi££ftTHi&£?J&SI5 5 4 8 c©H L V L Jg^lc 
A^SnS, Hj^fi£SC 5 3 1 a©0)J©!&W£HbTl± 
30 S3 2©il]^7 ; 3-^5 2 7T-UiB^bfc©T-«B&-rSo 
HH<g^tt#llit^5 3 lb£<fc!?#l!i£ft, W§£ 
£Tf£955 4 8 btcA^^nSo H L{i^ft!H&£-J5£95 5 
4 8b^C^5V^THH^i^i:^^n, H„V„-Hfg^t 

^D^®i§i5 3 1 c\z&i)ftmtsh, 5 4 8 

ctc^-CLH£:LL©£r5£fI^i:-&fi&£ft, ttffc®^ 
fctt5-&ja»3 3fr6a*Sti5. ^bTE18 8©^2 
§fi^©tB73a53 6TTVI^kft!JJH***l4. -© 
»^ Md^SiSl 0 5 0*, ^1 0 0 0*©HDT 
Vfs^&S>KI2I9 i©§{fjc5g0fc:^bfc4o©Sfg^ 
40 {^{Ci !5 4-0©Hj|t©T ve-^gfa^nso 

[0 2 9 4] TVff^©llHSPb<l5iB^-r?, 0 1819 1 
t|8 6 4— ^lC*i:«)fc©4 s 0 9 2 ©(EKlPgW^iiSE 
•Cfe*. c<DJ:-5K:C/N©B±i:J:t»ca©1iB*8 6 
2d, 8 6 2 c, 8 6 2 b, 8 6 2 aKiS^TD n, 

D,. a , d 2 ^, D 2 - 3 £&*tm£X'2z>mmr*>* 
[0295] ift^f ^(Dmm&m<Dm^m 9 5{5iipg® 

#t3g@©«t-5(cC/N©rSl±i:t4»^LL, LH, H 
50 5. ^xmmT^T-rt^Oimifi^ <lcon, M 



(32) 



L + LHfef,L = Lb^LL + LH + HLff L 
-LaOB#LL + LH + HL + HHfg^^^ nSo 

fe^Stt^S^l 0 0 0*<OHDTV©«^ 25 0 
^ 5 0 0*, 7 5 0*, 10 00*©TV«*#» 6 

ftfi»*Vttfcft«. S9 6I±^^Jdtv 

fc-SfaTf*^. H9 7tt*#BB8tffl^fcHDTVfflBS 
■W^WWttBttt. ■ 0 7 5 1 g g g* 

L at*C/N = a, LbfC/N = b> Lc?C>N= 
c, LdTC/N = dt&5^ C! )g fflWT . 250 

S. K«LaWrt7?*C/N4»S&TU HDTVoiSW 

^tfOBJftjftTtt7 5 0*, Wrt©D^(i2 5 

5 0* «I:cd«MW WljM[ 
If*. 2 5 0*OHiH- fB4T . t5o JiLt©«fcofcLT±: 

So mi i samvmmkaj&ammazrnvfiiazx 

4 0 5t^i»LfeMljg©^ Dlj D , D 
4, -»^THuJEOSRQAM*©BJBS©«HftSH-i 

**-f &as< **^ w ****e««ar*u ft® 



^F8S¥ 7 -9 9 5 2 2 



OS«/s^J±SRQAM«©R[ f «affl!eHS4 5t^ 

tffctti**., =0*^5>^^tt^t>J»7 6 5Ca 
tlfefD,, D 2> D,H:flisaJ5 0 3t:*^ 

[0 2 9 8] jfcciai 1 6©aani«©7'D y >iac$* 

*-5t6ftJg4,u<ttp 3 ^o3- 3<og4gH?;1/7 6 8 7 
10 6 9, 7 7 0. ©#^ic,as fcfesajftja771> 7? 
2, 77 3M1 1 5fcRia©»gg«7 6 la~7 6 

masters. *asajsca5tt*nfcaai!««ij» 

Si5 7 7 4 fct#gjfejis©a/f © h 5 7 y 
[0 2 9 9^01 1 7©^^©a/fSah57^^ 

**#Bt*r .t a jc q p s k^©^^©^^ 

20 afe^TfttSfet^TBS, 7 7 0©AchOfiSS 

attd = A©0t-^-rj; a cnwsw«»^ 2 b i t / 

Hz©T-^7 7 4d, 7 7 4bi:d = Bffli©x-^ 
7 74 cSr^-t)#fe7 ; -^ 7 7 4d«:t) x if©Hfe^{;^ 
4> 2 b i t /H z e-tt«WMfe*|JBft*-C» S . 

fmamimttmmst 775a, 775b 77 

5 c © J; ^ fc L £ ^ , 5ttA Paffi*i < 

3B8oh77 ' f '^iTFfflr-^ 7 7 4 etcftLTft 
30 *©-fe;^-«K©«f*tt5*-^ 7 7 4dC^t«t: 
HU2bit/HzOHJ!Eftj ftm , fei ^ 

&ffl*fiR»**afflLT^4fc^$»*©S3fffc 0 

fc. «**5s;t?tt F77^ y ^ io^vMfcjatttfflaaR 

*»**t*1-Ctt«ttR^^^ Ml/©fH*J#fc,fc 0 £ 
&«£**«© 1 6 QAM, 6 4 Q AMSFOfHfcfcttiSP 

«*fcttiDaF*fc G 5<g-b;i/©*g$ S/ jx S< L 
[0 3 0 0] mmxjiz a h ^ 7 ^ tf ^i^wwc tt 

JBtHR»*SS5<U h77^ v»«©il>3&iMft«ttt 
^^-t^^A^f*©^^^^ ^ 

w©PiJBaeas^©afflt: j: >m±©r fcs^-e* 
fe^s- y-?7 4»*»#tB*m\,\zKmirz. mi 1 

8O»*Htt±3b»6*tg©-b;u7 7 0B, 7 6 8 7 
» 6 9, 7 7 0, 7 7 0 a©A-A' tt±©a«Sa^ 
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§ft-b^7 6 8, 7 7 0l±f+>^MA§i-t;i/ 
7 7 0b, 7 6 9, 7 7 0 att*-*>*;i'#A4:*ttU 
&l^+>iM/WB©ffltm«^Nffll/'C^S. ^*l?>0 

v >*;i/tt#S<g-fe ju© h 5 7 v *«cjfc l 

1 6©S*WaiH«l87 7 4C£!K ^-V i^MSfctfifM 
$-&e>tl2>. 1 1 8 lC*5VA-Cd=AliA^-+>^ 

^©iKf^fi©^*^. d = Bl*B?-*>*;U©* 
flSSv d = A + Btt^-^>^;i'«:iO»bfe31fI^ 
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^2>Jg^ WaRBTfRHB^Dv h7 8 1 a, 781 
b, 78 1c, 7 8 1 d£&*|5]JW^ a,_b, c*- 

[0 3 0 3] *#SW©»^ 12 1 1 9 (b) £*jvr<J;o 

jfcftDi, D 2 , D 3 0§^©2bit/Hz©30(D 
pgjg^_^^^Oo A,, A 2 r-^lil 6SRQAMT- 
15tft^D'yn8 2b, 7 8 2 oWOf 1>783 
b, 7 8 3 cC>S1-.J:-3fctt2teF©5*-*l/--hi:«e 
ft«Hr*7 6 8, 7 6 9, 7 7 Ot'ttBuOUfflS 10 *. T-££«1^#©BSF^&ftSo t£oT* 



fllT-l&BJi ItSR Q AM*©*Ji©BSJBSaei3£*a*ffl 
V>Tl>5fe«!)7 : -i' 7 7 6 a ) 7 7 6 b, 7 7 6 cCm 
1r£olz, QPSKOJWttBljWffl»*2b it/Hz© 

3{g©6b i t/Hzss^siiiaspt-{±»e.ns. 

agptV><CtifeV>4b it/Hz, 2bit/Hzfci 
'J>-T3o 36fi^!7-t*8-^*«ev^4:ja»7 7 7 a, b, 
cfcjjS-TQP SK©Sffl-b^©***t=Jt^"C2b i t 

±W4CfcCJ:5Rl*©fie-b^©>i*** J »e>*i'5. 
6 4SRQAM*fj6©^-©l±S*Sfr?.)S^tC5T-t4 2 
SRQAM(S->7 h§£S= 1 CLMQP SKtS 
SM1U jfiV^dST-ttl 6 SRQAM, s&iciaeit 
(±6 4SRQAMfSSIIt^ «£o"CQP SKCtfc'* 
Tfi^{l/W-^iiJlDi-S^ilJ±^VA 0 jfefc, ESS* 
tMHCL-fcHl 2 l©7*ny*(2£7jvt-«fc-5&4SRQ 

a m <Dm&mw * sals & « *> «c a 5 e> tsis h £fi -c- 

§5„ 01 2 2©7ny*E!t^1-l 6 SRQAM©ti 
AfeHMrtfcS. ftoT3o©^p#5£©^tS##&1- 

mwwjsca^'J^ttstt^fiB-c**- 4srq 

[0 3 0 1] tt±©*5fcb"CBIl 1 8©d=A+B© 

«t ? & ®m<D m «: s * * ^>es ^> * ^ a #-e § s o 
T F © h v 7 -f * * it^Tasi s c t 

<©-9-7"S%S&l9:MT-&i.fc«)f-7*aflb«$ h7?-f 
<v * ©£vMHflrK»« u^^fc »#%B.E©#jS#iS 

[0 3 0 2] »CB 1 1 9 ©^-^©B#ISgSBI2^fflv> 
TS^'fA^ov h©7*-*iEB£iSi0£-#-3. SI 1 9 

(a) tt^*^©^"f ATsO* h, SI 1 9 (b) tt 
nmmSCDfJ b&m-?* E21 19 (a) 

1"«t -5 £ e£3fc#:£©8§{iSUJ13 D o wnoj 

f)g^a»^^©a<i©i$K/S&&AT-i$fS©xn 

h 7 8 0 a-e|s]»Hi^S£3£fK *nyh7 8 0b, 
7 8 0 c, 7 8 0dt^A, B, C^-^ >^;U©?«S 



•Y AJXD «y h 7 8 2 b , 7 8 2 c tt^©R?IH|t«: 
£5 LT 2fg©e^^fi* s El 1 8©7 7 6 c©g2|!g 

jB©jiM«o*t)»aiB©jE«-e»6n5. mmizLx, 

^-fA70-yb7 8 2 g, 7 83 gfSE 1 f-^©I 
gfg#6 4 SRQAMtffbnS. #J 3 {g©£i&&S£ 
fcofctf), pi— ^-f A*D* b"C3fB©E,, E,, E 3 
<D3^y>^)^tmUX-^?>o £©»&*»«©;*£>£ 

T**tt3fls©aRtfiRi-Jsaa»»-«»&*i*fc^-5» 

{lb, C©«6tt»ttlH©3£»TfC'©*S© 
aK*»fTt>nfc»^T?v 98Mttc©»^J:i)fi^. *fc 

Ell 1 8©TF©EIH^1 _ «t-5l-^©lPrl5^-fc*V^T{i 
^^^^^©JWHKB^^tttfEll**!.^ 

) [0.3 0 4] 01 2 0©TDMA#£i"f AXOV M8 . 
X- (a) tt(«**SC (b) tt*JMi©***»1-. HI 
2 0 (a) CjjVriSfc, B-««BWfC4"f A^ov 
h7 8 6 a, 7 8 6 bt-&*A, B^-V >-^;U©?tl^- 
©3£{f£fTV\ ^-fA7D7F7 8 7a, 7 8 7bt-# 
*A, B^-fr >*;!/©?«* 6 ©S6if*fT 3. HI 2 0 
(b) **5B8©»^1 6 SRQAMOS 

6^ny h 7 8 8 aTA.f +>*MOSfiftf?V\ * 
OS/ h 7 8 8 ct-A.f t>^iV©Sl^ff5. ^ A 
7,u <y MUttft l/2lCfei., 6 4SRQAM©S^ 

0 D» h 7 8 8 iTJD,?-+>*;i/©Se*ffVV 

h7 8 8 lfD^ V>^©iSil^ffo. ^-fA^O 

[0 3 0 5] »CtN««**TH , *fc»t^D v h 7 8 
8plCfe^-C 1/2©* A^o-y h-C 1 6SRQAM 
©E.WSil&fT^^x affitt^Df b 7 8 8 rT-Si^ 
©*>f ATsU y b 4 SRQAMT-fTd. 16SRQAM 
«t>)4SRQAM©^6 s ri«S^* J '>%V>5ttt>, ^(IB# 
©a^3?f«* s '>'o«<^ ; i>i:V>-5^m* s $)2>o ^:fcb> A 
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tO 3 0 6] SLtWtZLx$mnh97^ 9 ^ 
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J0 3 0 7] (Wi«9)WT*90jW«tHiBta 
*SfflLfcfc©T-fe3 0 ®1 2 3©OFDMasgt| (0 7 

°*»mtmi2 4<DOFDMcD S ! 1 <mmmiti»+. f 

D MO-«T? 5 0 F D MfctRig-*-* 'J 7^15^ 
*. §12 4©0FDMOIii(^ t ^ (;C)FDM 

& i **M3m**mmmm»to7 9 1 T-/n^f»«, 7 9 

^7 9 4 a-e*fl!«f*. COOT4IPFTS4 0 
* * 4 TRIHIM 7 9 9 ^i£F FT«L «P 

■ 5^I 95 ^ 5 ° ta ®*»*>**»W7 9 6©» 
Wciffl, ^IFET^feifKi^, ^ >Jf . 
*©«=ttt g(D#-m®7 9 7WWt6h*. 30 
tO 3 0 8] 012 3OOFDM-CCDMM7.J, 

fe^ttW*ai>3-^4 0 1fc:j:t)(g«D l (*£ 

5. mi^-^5iJA^7g|J7 4 3{C*j^T> D, Jg^ttc 
ode gain©if^ECC^t££tu D^Ji^jgg 
0=»-K^>©ECC<O^Ybfe$n«. D 1 ,i:D 
«-.ttTDMflJ7 4 3Cj;^ BIBKHMfcsft, D, 40 

[ 0 3 0 9 ] -2k fcttfifc^© D sttAi7a j 7 4 2 . 
0*2^-^j»jAAffl7 4 4C^TECC«7 4 4 a 
L^TECC (Error Correction Code) ft^b^ft 
h ^x>3-^ 7 4 4bC^ T h U y^ff^Mss 
*U 5 2 aOD.ifiJaafeJtJsy g lbtA ^ 

*U n*<Dm&-*t*^ C-CDM*MB4a, 50 



%HS4a, 4b, 4 c--.t^v>T 1 6 SRQAM^ 
tC-CDM^RSns. iffiny©C-CDM|ig 

mjJ7ttH12 4©7 9 4a, 7 9 4 b, 7 9 4 c 

So 3-5 LT, C-CDM^Jxfenir0^if|f 
tt, i»FFT0B4OKJ:!j, ffiaa» W ^^ >s , a> 
7 9 3fr&ttmM®5V *>$> 3 >7 9 0C?**h 
ts©^ix>;K;i/^©^Hfi^7 9 6 a, 7 9 6 bi 
fcftS. §t^>>tf;UB^J?f?7 9 6 at 7 9 6 b©|fflfc 

9 7 a#R|*6*lT^S. Cil*l»IHWtfc«*U-WU-e 

mmLtzt><Difi y mi 2 Bmmm-m^v^mx^ 

IB*6«*t:«;tTifaeaFii4. t Vrf-* h*© V ;i, 
©KWSIH ^ 6 * < T e ft gft^-j- 4 - fc t j; D s 
©B*fc2!F F T[5]S§4 0 ^feOSEHfi^ttae^j^ > 

tO 3 1 0] *t % §^4 3©»ff*a^S. El 2 
4©B$HttS,>ff,Hf^ 7 g 6etSt. §<s<a^fcfcE|' 
12 3©X*»2 4CXA$ft, W»8 5 2bCAA 
£tU FFT»40aCJ:t) % 7-U 

El 2 4fc5SJ-,fcSfcBS| fflW|7 9 9 
*»efflaSft«7 9 3 at^«sn5. El 2 4©BtKfffl 
^>*MlH§*»&, ««»«©©*©*+ ijr 7 9 4 
a, 7 9 4b^^a. ^h6o+ + .; 7 ttI^ 

125 (b) Cmtl6SRQAM^fI^ ^ 
OC-CDM{MS4 5a, 4 5 b9t«6*i«. * L 
T, C-CDMI^4 5©&^©C-CDMa^a5 4 
5a, bSPCai^T, BMfSfc«w$nD D.ffl^r 

D,a0ljgOT3>^-^-8 5 2bCi6, 

5 (b) t^-ri^ftc-cDMftffliv&Bjge^^ 

ftffl^T^Sfctf), C/NttOfflV^S^g^-ctt D, 

Tc^Tawsns. D 1 . > e*cit^TD 1 .istx 

HS^J:i>Ste*ft©B^a*tt-cfe«£$ftS. d i 
lfe^tt* 1 - 1 BM^3-* 4 0 2 ctiHDTV 

402dCJ:!)EDTVOWW»o fl ^ ft!)% ^ 

tO 3 11] D.fftthHj^^ »2Hfc5* 
3-y4 0 2bti»|, HDTVOg^^OHiA 



(35) 
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-K©EDTVfc*#U***U *6t±B««ffi^ft «3*UlB12 3fcH1JW:l/r, LDTV^U-h'fflD 

05fcPJ«, .a«C/Nt*6tfcliIK©TVe*3b*afS-C [0315]^obt, LDTV(gfO»tfOFDM$ 

S3. |OlSfi(!l9©»^ttOFDM4:C-CDM*ffl*6- ftfcHMeSS* 1 **-*-*. 12 1 3 8 ©#*££ffl^3 - k 

fr^T^3;ii:lC<fc!K OFDM-*©*©*!** jUm CiD, 0 FDM©«tt*llISttLD T Vfi^©*n?.fc 

tSftv>p|lSeifeII-e§5. HI 3 0©x5-b V>. HDTV^CJt^TLDTV(g^ttl/2 0©K 

-hC/NC*-i"J:attt*fflOFDM-TCMSE»e yhb-b-efe*. fl£oTOF DM©EII&SSU± 1/2 
^©ffi*&8 0 5l:»L/t, *»I!IOC-CDM-OFD 10 OCfc ±tt©@»S*tt*rlJC/.b3 
M*SCI**^+>*^1 8 0 7 alix7-l/-htf [0 3 1 6] OFDMtt"^^^XK8ioeaS*5«Tf* 

-f1fit> : V-7*-*>*fr2 8 0 7bfc£^v-l/-h#± »TV*i»*TV©g«B**S«MNB^s;*;i/**tt 



[0 3 12] 0FDMH:**>t*-l»IHMTff*C"7A' ottt 3ffli£££gi$i: l/t*S«*nJ: 5 t b-T^ 

5^X©^{t^£iR©^3fc©TV:J-* r«©v 3. CCiiftJ81C*V^tt4'f>^fr6 8'f>fO 

fct, eifoTvsMiwaofy 1 o^>^i»T©'h3iMiiBHMx#£«T?*3. 

*;UTV&&ffl£^3Ci:#T-ic3. b*U RMS THDTV^EDTVOi^WUMETVg^t* 

ea-ctttt^fc®, * 3-^© c/n©* u j/*^ h w o f d m*h-t s^aa^w- 3 nfflomt t±»»**<a 

TT-fctS«T-iSfcV^ *«IHfflC-CDMktt***>* <. @IU*T VffllCliLD T V^b-K©T Vff^©§ 

Sikt:J:»)»-vji/^^lcafi<* k oC/N©3eftC*6 20 — SEK/8TV©J:5fcB£Jafc:* 

tfcBiffeSffl (Graditional Degradation) <52otf| v^ttv;i/?v<*i>V»fc:-£T?feS &», v;b-^**f 

3H-CS*. e»*rt-CTV«Ifti-5lfc fctffc 9 ( hJfe«tt*ttOFI> 

*«tt"Cfc< C/Nfilt,*{brs. M©»*tt*<fe^. HDTV©«W««»COFDM 

«*ifcttTv»aw©*-K^3i'jyttSK^j£#6 *m*«cfcttOFDM©iaH^#**^sM*-*tt» 

ZtK.Ji9> C/Ntffr&S&fbbTfcLDTV^- . «T ve*©*Cffiffl1"6*IStt^ S»**©f*IM5fc: 

FTf5<ST!S«. SiWffiTV©**, HUBIM 43V-»TSesn*LDTV©v;i/^/^tt***rlJCe 

Xtt»«10 0Tm-pe»S&«K LDTV^V- Ft? Utikl^OFDMOftlt^tJft^-C, OFDM 

fta&MftW&ftS. Sft*TVOLDTV^l/-F ©HISS^HHS 1 / 1 OjATfc*rtafc 80 Wt S 3 * 

OFDMSHDTVffl^^^WiSO^S [ 0 3 1 7 ] &*5, H 1 3 BTttD ,-,©*feOF DM 

«*ttDSP©@fca8W#*S<fca. *CT-<gis£TV SWbXV^5A»D,.,tD,-2fcOFDMaEH-j-4Cfc4. 

«*fflD,.t©*ftOFDM-ca4*IR*wr. Ell 3 C©»^ D ,-, k D ,-ZttC - C D M© 2m® 

8©7B^Ht7StiiC HDTV©****** £ 3fc©> gft**©lMM*t:*s^-r*»v;i/*- 

«ia«-©D,-,kD,e^©2-3***w©c-cDM# /vMc»v^ista**ai'^ £iM*£#i^ l 

SfbU FDM4 0DCJ:»>ffl*RffA'C»(g-*-S. - D T V i: S D T V^(gl/^7>rtSSCj5 Dfc 

*g©««1fae bfc«^l±F DM4oetJ;D HO&fS mmvmm^mX' S 3 i: V^~> Graditional Degradatio 

4MI**U #8TO©C-CDM«M«4b-C«!J3*U nO^Ii s S*n6. 

HI 2 3fcl3«fcbTHDTV©*^#kiira^## [03 18] £ $ bT ^fSWOBSJBteS^qrifek* t> , 

c©^©!®^^-^-©®]^^^^ 40 a^j£ u ofdmci^cv 

i,2, 3ki5ibT-$,sfc©«BSt-i»o ^y1xt:afiv^fc»*lBW©^»ieas^:e*^^^*«- 

[0 3 13] *fcHDTV©MPEGl* , l/-K©flS* fck: J: 5 v^^C9fi< ^Se^^O^bKJiS t 

m^-e*4D,-,e^ttie5«ae5<j3>^-*-7 9 ic fc^-*e»^u-i»©3&<b;W&*i*fcv*5*i*tf» 

iDSeWe^i:**) 0FDMR»»8 5 2 CffltffQP feft3o 

SK^l 6QAM©£09&9tt\ IFFTg40t,tD [0 3 19] HMMI£S{s&3r£ b 

«HH«l©«^K*«l*ixFDM4 0cUCJ:5n«aR»B X, 0126 (a) C^-r«fc-5Cs ftFDM©**^ 



M«4 0eK*VvCH«MMM«c*i, OFDM»»8 H*R#- K#8 0 2 a&ifttt, 012 6 (b) Cmt 
5 2 dC*i^TFFT 4 OatJ: »>*<©««»•*©© "50 «fc 3 CP e«tS«*M 8 0 2 b % C * Cfc D . » 



#3„ cau-cKflisi^iia-rs. 



[0 3 14] SANA 4 3Xg<t snfcfiWFD 



*>*;i/7 94a~c611I80 latl^7f+> 
^7 9 4d~f5B2I80 lbkLWfgftl. 
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^ms o lathis o i beD3&mm**stm(b*8 

[0320] zti*mm-tzt.s vnztmi,iitai o 8 
(d) ^■t^o\zT±uifTvmm\zwm^7Lt^ 

SSBT-lf! 1 /1 8 0 1 a©«;frftii^-~fc# T .g s - 
O»^H10 8 (e) t^fclHSOlaU 
A RII6& C/Nffi©* u j,*^ h . ffi{i ^ 2 JB 8 0 1 b fc 

©*v>Jll«t:*OT**lJ18 0 1 a©g{g#njigfcfe 

HMHraS#&Si*-a 0 £ ftft P ower-Weighted-OFDM^ 

« 0*»W© C - C D ft sctCJ; 

^ Ell 0 8 (e) fc*r«fc3C»JittigjL3jifcfc 

[0 3 2 1] AftateBBtt, 0144 c^r J: o fcft 
Ifl^-^ttftly-^aiEltt? 9 1 afttf-LTig*!© 
*Sl^S4a-4 + + 'J7f 1 ~f J fIFFT 
40ti5OFDMMU ^2Jf^-^tt^25=-^ 

m'J7f ( ~f,faFFT4 0(a5OFDM^i 

[0 3 2 2] «»«*H:5fiMll4 3©FFT4 0afc:,fc 

f . ~ f , tt «H 8 4 5 a ~ 4 5 c K i 5 ft 1 7- * *| D 
■ ^5»118 0U#aaSK +,+ , J7f,-f I 
* 1 ?>ttft2^-^J l JD 2 -oSf3^2Ji8 0 1 btfflUl;* 

[0 3 2 3] ^1180 1 a ©**,&* £v^»flMf© 
SVvJfctffc:i3^T*a«T?gs 0 ;a LTPW-OFDMKJ; 
5, 2ff®K«fi&£fif«a-*-*. PW-OFDMftC-CD 

1 4 4fflft©f, M i 2 3C9rD^ W Aj. w 
[0 3 2 4] St, «fc**IH© Time-Weighted-OFDM 

(Tif-oraji)*a©»Ji<b*ac"3v^T«^*. of dm 

©, ho*8 v;u^y^e^©afi«f|H t t M 

b»V*. L*>U **TV§/l^cDJ;oi^i&©©^ 

[0 3 2 5] *^Jfi0S©B»fl3ffl*a5*i£^* 
4 6 C^ptJ; 3 CM Al©^- mF | t g a & iBl® 
H ttN tsbC ifc^T* £ < 1 4 d t C J: t) A»© 



(36) 



P7-9 9 5 2 2 



5. -oU^f- K«fB©Heightinst J; *j v^l^t;* 
fc****ra*S£2Sff*3iT3. -©#5$ ft Guard-Time 
-Weighted-OFDM(GTW-OFDM) fcDf £ £, fCg AJ1 fc»B 
»© ^ > ;UB# H T s © >> > ft (si b & c ggcg L fc 
A©5/>^?;n^|Bt s a*B©5/>jJ«;nSfH|t s 
b.fc»>*£<fc4. 1-5i:C*iCJ:ej««»«|j :K ;*jo 
TA, B©^-^>;-V©FJHft^n^nAf a, Af bfc 
t5iAfa>Afbf$S, -©fe©B©^>^;Kc 
Jt^T, A©©j/>jf?^ftaHH Ufctt ^ <D3l9 _ p _ h 
10 ttffi<&*. ^Ut-»W^Ts ©Weighting© 
MBflfbC J: »> m AJf i:fBJ|©?;^uCTt -5 2 jf 
©»»Yb4**S-rs. -©^^ftCarrier-Spacing-Wei 
ghted-0FDM(CSW-0FDM)fcB?.& o GTW-OFDMftffl^T 2 Jf © 
PB*eiaft*«U SSAJBfcTfi*P«flf©TV©^ x 
ftBJiT-iS^^-ft^-rSifctJ;?), **TVsi» 

©£se l se # ojm t & * . $ &cs»-ofdm ft /a v ^ tz > 

>*;U»$ffflt sffl||B«bfc.ki>»A»fc»BjI©C/N 
i-*f^SP{t/f fbftGTW-OFDMfc Iffi^btsc fc {3 j; 5 

<£#«s t v{g^ ft #tr > *;n^H©n#wtt^li/jN $ 

»*S*i5Tlf6K «£oT*3afi0S©GTW-OFDM 

fc^Tfi^f^Tv^tfijaftB^T^u^*** 
» £ *- s c fc cj: d c» ifiss ft#* & v . 

«TV^*«TV©J;5**»JSt, S5B©TV©J;$ 

30 -5 4. 3 ©S^miJfi© i o (-CSW-0FDM^> 
C-CDMtlB»^fc-a-SCtfcj;t,c/NKfcV>-j-4»Ji 

[0 3 2 6] Rftl)tJf7;wu©Kf4^t 5i:i 
014 5 (a) t^fi-SfcaeftlffljPfiv^i,^,^ 
8 1 Oa-d©»^ttjgia6fc»2Ji©g^se- e 
HDTV©e^4f««T« Sao L4lLs 0145 
(b) Czn-J-i-5fcfiv^;i/^^8 1 la~d©i§£- 

■•e*fc<fc*. c©t§^ SBi»©Ae^tt3tf-KR 

40 BTga#^&», ftC^nOAV^^-y^ios* 
ftS^t/d;^^ 0 miifi©cta(CBM^{CttTV©^^As 

5 fi»J ^. T V T- J± L D T V T' g ■£ „ 

?^tai|©i/>^^Ts aftTsb«t>5^§ 0 < 
fc^TV^Sfc»C/N©S&fbt*»lJitt^. 

[0327] zoLTX-m®t*»*j\,mr$(Dm>} 

•fbft-T5Ci:tJ;!3, O FDM©-^©^;!^* 5 ®^ 
^fiKT-BJte^^S. m 1 2 3©«fc-5&*fiRT#- KB# 
M«a , Jfl3tC-CDMfctt*^to*i- i:e: j :e) 
50 f-y^ fc C/Ntt3&ft©5K*©»JBfb4s WnSo 



(37) 



»Bfl¥7-9 9 5 2 2 



71 



72 



[0 3 2 8] CCT-JIflstt&tejfcffi^TPb^^S. 
v;U^^X3l@^KT„tt, D/UJttf/J^V^ GS& 
ft >K *£<ft£o 0lJ^K0 1 4 8 
C^>T.fc?CD/U<3 OdBT*fcfc&&&©i23§#*£ 
<«!)3 0Aistt±t:%5. Ell 4 8£5vr«fc-5fc:5 0 
ju s JW±0 Tg*i:5^tCit)s -HV^tttt * § 
fi-eS4. 6£oTEI149 (a) tR#fl«jt:^J:-5t 
TVff^l s e c t*tbTEI 1 4 9 (b) tSt2ms 
<Dmm<Do%. &i/>«^118 0 1a, &2/18 
0 1 b, S83J18 0 1 cCaoCDPgUcD^l/-^^- 10 
It, Ell 4 9 (c) H^f. y<Di3— FKf 

H7 9 7 a, 7 9 7 b, 7 9 7 c o$ (3 T g a, Tg 
b, TgcWiK5 0//s, 5//s, 

it§bTiast-i>^i:K«fc»3Eii 5 Q\z7r,-r^tmm 

8 0 1a, 801b, 801 c © 3 o©pgH©v;i/^ 
XtB|-rSI®JlSfi!t^* J ^m-t-So £T ©listed bT 

S-5. b)b>U «$RS©'J>&V>LDTV©iIiH<l^©^ 
tGTW-OFDM0D?^U^t5CtC«tt) 

$11801 aT-l±#-mRSTg£3 0 s W±© 5 

®gSttiai 2 7ffl^nv^Blt:*bfc*)Oftfflv^ 
So ttfcMRfflTVttLDTV^U-FOBHT&^fc 
»MPEG1^7^ClMbps HJK©{eh!& fi"C- i 
V«. Seo-CEll 4 9Kwbfc<fc?K->>*;i'BfRg7 9 6 
aTsa^2ms©)lSIC^l/T2 0 0 /zstftfcf 2M 
bp s fc*i£.fc«>&<U 

TlfTfc 1 Mb p s-i£< iZfe 0, LDTV^V — K©IH 
K^ff 5>tv5fe«)*:^gW©CSW-OFDM t«tt)fe 30 

32 BJ!© C - C D MS G T W- 0 F D M t>i£tzm 

{K&&^#(eTb&^fc»&m#£?>k:i^„ 01 
4 9T-(ii5ib^>#;HSt^bT'>>^;uB#ra7 9 6 

a, 7 9 6b, 7 9 6 C&2 0 0//S, 150/zs, 1 
0 O^stcMSMbbTV^So itotill, f 21, !g 
3 1 ©M C i 9 - V - b 56«?a < & o T <9> < HMI i: 

[0329] pn^cc/NcwbTtiWifHaea* 1 ^ 

Ell 5 UC7p-r«fc-5£CSW-OFDM£:CSW 40 
-0FDM©&5^to-££.fc»K y;WWkC/N© 
2*^©Pi»SGaiA J ll^1-5„ Bii5g©J;^(cCSW- 
0 F D M fc*»W©C-CD M SriSfi^b-a-T * 

^©ii^{*©GS^©ffiTA s 'i>«:V>i:V>^«jm 
&hZo $1180 1 eL&&vm\ -2MB 5 la,l 
1-3185 1 aT-»i^3^;*T„#;*;g<3b>oC/ 
Ntffil^MiK¥*«T VR e c e i v e rC*5V^ 
TfeLDTV^P-FC^bfegfitfT-ta. s82Jf 
8 0 1 bi:!g2-3Jf 8 5 1 bX-ltV—VZ^VTOy 
ij > i/x. U y©<t-5 tC C/Ni) 5 © < , rJ-*h©^§ 50 



fS«!«CDH^K:*i^-C«*»fWE© S D T V*-U- K 

3/f8 0 1 cT-B:C/N#iS<, iaa«*«^;g < 
btf'M^feKiHDTVyi/- K©iHHT?S{rt?gS. 
do bTC/Ni:v;U5 L ^^©2ife7c©PiSS^* s ^ 
git" 6. ^fflio^W^^GTW-OF 
DMtC-CDMfflS^Msxtli, GTW-OFD 
MkCSW-C-CDM©ffi#-&t>i*tCJ; !H#£>ft£„ 

[0 3 3 0] C/N©3/f£: v;i/3^;*©3/i©2&K; 
©Pgil^fiif^©^W5&:HDTV, SDTV, LDTV 
CD3BJB©TV<g^©WMEIliaftl2Il 5 2£^-T. El 
£7f*-r«fc-5£ llT^l/^/^tEt^AJl©?!! lfg«©7D 
?F7 9 6 a 1 KttLDTV£iZuf U fttv^Ul: 
g&WD^7 9 6 a 2-$>C/N£fl5fc9aWD9l>7 9 6 b 1 

to: s d t vammm^T k uxe^*©aB&H p 

{S^-&ES-rSo B®©^2^, 3JBtll±SDT.yo— 

fiait^o* \> lp{s^. HDTv©HP(i^siaei- 

5. CJlCttU 2 S 31tSDTV, EDTV, HD 

t v m<D-&mi&%- t v<t ^ & Kg-r s . 

[0 3 3 1] C Oii^ C N ^v;^ < 
Ht £ (5 U - h # £ fcK) T Vff ^CD/BffefiE # 
W>U Ell 5 3t^-r«J;olC3l*:7t;©Gracef u 

IDegradat i o n#£tS|-rS i:V*"5(J£*fc*EH 
»JR*»*«WK:«t»)»e)tt5. EU5 3liCNR, 
9-/i*mW%Wl* h©3-3©M9.*— fcj; 

t)*«w©3ft7c«a©»JisttiSft«3Bbfc*.©"r» 

So 

[0 3 3 2] *^SB^©GTW-OFDMiiHt)M©*%^ 
©C-CDMfflia^titixfc^ GTW-OFDMi: 
CSW-C-CDM©*fi^fc>-£t:.fc»? 2&*;©pg/f#f 

FDMtPower - W eighted-OFD M©ffi 
GTW-OFDMi:{fc©CNR©PgJHKj£ 

*5«i:iia^^-arr t> 2 *7c©BHaaas(i*3H-rs. 

[0 3 3 3] *»!|80KJiSfiKiS*iC©— 3©»«tW3 

js»*jffl»*fefii±*# s *>©■?* a©s<i«K: 

^siii'X7 i A^3affl-c•§s^)©-c•(±«:v^. M^awsss 
fi#M©fgaaft->x7 i A«:e.^©B$^{c^t>3a5Sig 

©i««aR«ffl»*4:**i©***Jffl» s f s ©*Sf :: ^ f *» 

[0 3 3 4] bfrU *M«aS**'t'*±tt3aWrA©» 
^tt*»fl8©J:-5ftRWBaea*a*«*St**. 
jfe6flSfiftjS©a6ffl»^5 0^W±©*«itttf*«>& 

fl&vi«M©ae«*tt3i»WK:i6!±-i-5. 



(38) 



» t VMtsmur? & * «t a eiwbDt fij^ft 

[0 3 3 5] #»UBtt«*a&*J; & 6j&tH&ft*£B?I 

1 «t & mmmcDmt, * * a * asaa < & 

to 3 3 6] *&*«WOBWSSfiiS*SCSJ||i±tt^t 

»«aaa«t5*»i!8H:siaBL^t-^. waters t« 

»*4:huJB<0N T SCtHDT V§i«fe t < ttSttW 

©watt©******. *fcTv«iao^jjf>-y— ^ 6 

*fc&S„ ft* N ^JS^JTttQPSKt 1 6QAMi:3 
2QAM©MEH»5tt«^fc«t;a^ TBWiLfct i 6 
4QAM^1 2 8QAM^2 5 6 QAM^{Cii ffl T-$a 

t*tt©PSK^ASK^FSKtaffl-e*SClfc*v> 
*«litTDM6«^t,t T g at8 
*Jfiftl&KI&lfc# r FDM, CDMA^MtSciift^iC 

[0 3 3 7] *JBWO»*SlfiaS*5C©— 3©««wt« 

[ o 3 3 8 ] l*» u *«»as*a*jiiLh»a*a(o» 
cast tHDT tosmtt«m(Dmmmm<D 

[0 3 3 9] (3 *«»|BB»* ftaa 



7 - 9 9 5 2 2 



i: t «fc t> ^fe«S©«^ ft s {5 fif-^ Tj-*es5tt3&: < & a . 
C © fc toS^SE©«^yO/J^ RJtgT- £ 

T-fe^T-&5fc»^*©a5gst, m\a<Dsmmt(Dw 
[0340] ziz*a®tDmnM&!s&ittJHL±jmtz 

»*fcSI«©NTSCfcHDTVg|I**u<l±gB« 
©Mit4©»«tffe5 Q *feTV«i07Jl{^-i.6 

Jfe4b\ ^JS^JT-li 1 6 QAMt3 2 QAMCD 
***a*«^fclMr«^TKIII!Ufc*«, 6 4 QAM-?. 
1 2 8QAM-*>2 5 BQAMSfcafflfgscfcH^s 

20 SmswSKCifflTSSCi:^^,^ 



[0 3 4 1] 

fci tJgBUt-^-t* h;UEI±£fc5mfaiffl{I^ftsg 

^^-y-s^mgpi:, & 

#*JU RH^oft^jg i f-*3Hj(Of-^tffl j, 
30 *T±Em*iSl»©*©*e^c S S2^-*»o^ 
-*ftfflt>*T, jSBt«2HHICJ;!,gfft 2au 

Pffl©<3^©QAM*»«*«iJ-J-«awSkHl*aiJ 
****5fiSBC#^T±K«^&nffi©»^as* 
U *e^»ntt©SS 1 5 s -* JUft««$*T 
fl«U ^^©^©BS^p/nfitCDM^tp/nfli© 

7— s etc * «jta»isaiios6»s 

4 (3 j; o ; nfit©^ l jbj fc *g 2 w fc ^ 3 - 

M ^^®U I1SIIS2 3TU «Hg§2 5 
KJ:t>ntt©jBl5Wajfc, »2 51i*l3 3T?ttjBl 
^-**>JfcSS2^-*?iJft, i3§I«4 3fliglf 

^&n<m«£5nffi©^f|tg^L^«:v%§(i^T-*)nfit 

QAM#sc©«^©d**t, 

50 -©SM* s n>l)fe5nf i:^ 5t to{C±l3{f 



(39) 



fSH¥7 - 9 9 5 2 2 



75 

[0 3 4 2] ^©eSS&CNTS Cff-fffclfS 15*-* 
JflJ, HDTVtNTS Ci:©Hft-^«:^2 7 ; -*5iJfcb 

i^fcHDTV^iiO^ji^fe^x «*Rfi©ffi5gH=© 

-Kxx'j7©t£*t ge*tBtt«©iw» i: v ^ r> mmtt. 

[Blia®ffi^«:Ki»] 1( 

im i ] *^o^ i ommmt ^ttses^s©^^ 

[0 2] *SS(!8GD2UiE0!l 1 ©5£ft8» 1 © * * 0 

[S3 ] *mxo.9mm 1 oa««^©^* hub 

[0 4 ] *4BW©£ffi0!l 1 ©jSHUS^©'** Wl/H 
[0 5 ] #$8BJ|CQ#Uig0!l 1 ©{f ^j£^©n- Ffflffl 5 ££ 
Ti 

[0 6] *^©HM0iJ l©m^8¥^©^-^-f >* 
0 

[07 ] *fm<Dmm.m 1 ©fi^p©*©^^© 21 

[0 8] *4fiH<Z>£«E0y 1 ©«9jiM&l:«*J<!l^©:3 — 
5 s -f >*0 

[09] ^9tm<Dmm 1 ©»<na^©n^p©Hfii: 

[010] #«MB©3aK« 1 ©KB 1 6f»QAM©-<* 
h/UflB 

[011] #fSW©l£MS«ll©T>5 l ^-*Sr.i:aSte 
S*itnfc©il^0 

[012] *fSW©HSECT 1 41IQAM«oet J 

/£©0 

[013] ##BW©llfl&0!l 1 «)7>ft*gr aitiSfs 
«^jltnt©K^0 
[014] *«W©fESBWl©*JB6 4«[QAM©e^ 

[015] #»ra©3OK0!l©ayB6 4»QAM©Jt* 
A,, A 2 ©I5&B^0 

[HI 6] *f5BB©3UKWl©7>5 1 ^-*Sr a , r,fc 
SetAttn,,, xi.4©H<RH 

[017] *&w<D$mm 1 ©5 f y*;uae«©7o » 
*0 

[018] a&Hoxn&i 1 © 4 p s K^ra©fs^^^ 

[019] *fti!S©£tti0l 1 ©2 1 §<s*S©7p * *0 

[020] *&w<D$mm 1 © 4 p s Ksnff 

[021] #|gB.8©fgSS0>J 1 ©g 2 §fg^©^n y *h 
[02 2] *»W©SUS« 1©*»1 6(BQAM©{f-^ 



76 



32 3] *»W©iaB«l©afl56 4fiIQAM©«9 50 



h ;u0 

[02 4] *«W©SBM! 1 © 7 o— 

[025] (a) li#$BBB<D||S£0iJ l©8{SQAM©{f 

h;na 

(b) tt*fsra©fEKi«l 1 © 1 6ffiQAM©ff^^ b 
;i/0 

[026] *|ga^OlWJ 1 ©Ml 3 gfiSSffl^n v * 0 
[02 7] #»38©3$!lS0!ll©atf&6 4fflQAM©ra^ 
j£©0 

[B12 8] *%l«OlllMl©7D-f + -b 
[02 9] 3|s:»ra©|U(6^J3t:iJttSGiSi'^7 i A©± 
&©*8fi£0 

[03 0] *«E©S^«3©!81Iffiltefc >=>--**—© 

[03 1] *»«B©*«SOT3©» liB^3-*"©^o 
>y*0 

[03 2] *^®HSS^J3©^2iffl^7 ; 3— ycDT'n 
y*0 

[03 3] *|MI©^«3©«^H{fc5^3— ^©7n 
I y£0 

[03 4] *»flB©Hlfc«l3©Di, D 2 , D a {B*©tt 
ra^»^b©UiB^EI 
[03 5] #«flB©£iKt«3©Di, D„ D 3 {g^©B§ 

ra^«<b©lttB^0 

[03 6] *»W©«««3©Di, D 2 , D,«*©B* 
ffl^«{b©l5iW0 

[03 7] #»l«©£Mmfc:fefrSe««B©$'*T 
A£f*©«fiE0 

[03 8] #«ifl©&>S09 3fc:*sW-say&l 6 QAM© 

o (t^©^*b;u0 

[03 9] #»W©«MI3K:4!B-**»1 6 QAM© 
[04 0] *»ra©mBOT3C*SW-5SE^6 4QAM© 

OTiSi©-** whs 

[04 1] *»«©*»« 3 ©^KW±©fl^SEe0 
[04 2] **W©38SSW3©TDMA*S©«HHltt± 
©{s-^Ba®0 

[043] *»ra©S£6BW 3 ©fi8i£«EB£[I]ES© T'd y 
*0 

iO [044] ##gB£©2U60!l 3 ©tK£«B£©K3BI 
[04 5] *SM8©^J6«3©iS!K«^©filiaS«fl4 
BKO^n y*0 
[04 6] *^BJCD^g^J 3 © 1 6QAMff^©fs^ 
ES0 

[04 7] #$gBB©||S60iJ 3 © 6 4 QAM<gfO<l^ 
B2@0 

[04 8] *«W©HSS^J3© 1 6 3ffif§;£3;©fi8S£#tff 
4@IS07o s/*0 
[04 9] *»«©*«« 3 ©D v., D.i, Dv a , 
Dv3, D„3ff^©B§ra#S'fb©i5iB^0 



77 

[05 0] *|fiWfflHSfi0S3fiDDv„ D H1 , D VJ> 
D« 2 , Dvo, D„,-lg^OTDMA*SCoi«|H|#aJb© M 
B£0 

[05 1] *^B^oHJS^j3© Dvi) Dhij Dvj ^ 
BB0 

[052] *mM<DmMm4iz&iiz,u%jjx (D % :mt H 5 

[053] *ftl»©£ffi0y 4 C*lt 5 »*S»a*SC© 

[05 4] *»W©^ffi«4fc*H-5«fe*^ SC<og{aj!& 
S«isS0 

[05 5] **B8©^JK«f94t*WSB»Stt»*SC© 

[05 6] **W©^«fi«|4K:*»4^i?^jUttiSjg2 

[05 7] 3MBW©S5IK«5t*tfS«B4ASK«^ 
®/g^jSE«EI 

[058] #^©^0] 5 WB4 A S Kfflfil 

[059] (a) ttJWBW©«M|5fc*|**agB4A 
SK©m^Eg0 

(b) tt*»W©Sa(Efl)!|5t*ltSfC©4ASKO«» 
^gEH0 

[06 0] aMBW©JWfi«5K:*Jlt*fiV^C/N«©» 

[061] *^R§©^j(g0ij 5 aeacD^n v * 

[06 2] (a) tt*»B©»lSH5fc*|*SASK* 

( b ) itttgwonmm 5 a s K^mm^m 

[06 3] *«!BOiafi0!l5t:*jJtSSeil|©^Dy^ 

0 

[0 6 4] ^WO^iififgSt^ltssMft^jsgu© 

[06 5] xtmafiMmtisvsTvsmm&tcD 

[06 6] *^B^©^j£0,j 5 Ci3H . 5g , J(Z)T vgff^© 
7Vy?m 

[0 6 7] *»?B©f^0S5fc*Stt4f|fS-J&±TVg 

[06 8] *»W©^J|g«|5C*ltS8fflASK«^© 
fe^SEBBI 

[06 9] *^©^M^J5t^(t5@j^> 3 _y C r, 
SU©^Ds/^0 
[070] *^BJ©^^J 5 1 ^©ffl 

[07 1] *«lB©30S«5C*»*mk9 s 3-4ro7' 

D y 9 0 



(40) ^5fl¥7-99522 
78 

im 7 2 ] *ft$©£ni0g 5 fc#ttS£fiS|g 1 o©Ej& 

[073] «t zmmm 5 ©^fsfi^©B$^Eg 
0 

[074] (a.) t±*«Wt:«l:«S£6B0!|5<OBBIfe^=j — 
^©;7d >v^0 

(b) tt*»i»CJ:SSgttM5©»e«H5©|$|HEHi8 
[075] J: « mmm 5 ©j£fi /i^©l$/igiEg 

0 

io [076] *»»hc «t s mmm s ©^t/g^©^raEg 
0 

[077] *&wiz j: zmmm 5 (Dmmm^mrsmw 
0 

[07 8] *^B^t«tssU£0y5©@j^3-^©^D 
y^0 

[07 9] *»WCJ:aSSffi«5©3«JB©iSfifi^0 ; 
ttnEBBI 

[08 0] aMBWCASWSWBOBMk^a-^-©^ 

o [08 1] *»wti4^jB0a5<Djs©e^©RiaEa 
0 

[08 2] **ISfcJ:*gS«0S5©D l©EMM*=i--^ 
— (D7u ^^70 

[08 3 J *«HEJ:e^M5 0jTOttXmg9<Z>fl 
88&-BSB80 

[08 4] *&RJJC«fcSHffiflfl5ffl«jaffi»ff3=^E© 

[08 5] *»l»fci5£Jfi0g2©C/Ni:|fcJi#^© 
H&0 

) [08 6] *»lflfcJ:*SlE8fi«2©e3|jgKtc/N© 

[08 7] *»i»tJ:**JBW2<02Se«l©^Pv»ia 
[08 8] *»lBfcJ;5£»«2©g««©7Dy*|g 
[08 9] *^B£fc±|tflj0ij2©C/N-^-U'-h 
©H££0 

[09 0] #»ratJ;SS*W«5©3»Ji©Sett«« 
*£0 

[09 1] *»Wlcj:5l|»ffg6©4WJB©gej[§^ 
[09 2] *»W££3&ffitt6©Kj|£j£BI 

[093] «t s mmm 6 ©^stmss© y * 
0 

[0 9 4] *^BJ{- e kS^Jj g ^j 6cD ^. fi gg ( 5 C!):rDlj; ^ H 
[095] #«U8C «t 5 sgffiftf 6 ©fe^pggfll^ia 

[09 6] ^^ao^^^^TVttaioagttJiBia 

[09 7] ^Wfc^SIQfiOTeo^y^^TVffiJitt 

[098] *^b^{c ct ^^j?E^j 6 <D&mmmmmm 

[09 9] *»lHtJ:S|UIS«3©l-6SRQAM©-t 

* h;u0 



(41) 



«0tl¥7-9 9 5 2 2 



79 

[HI 0 0] *ftWiZ£ZmM®13<D3 2 S R Q AM© 
^ Wi/0 

[0102] #»WfcJ:S3afitH3C!>C/N-:n.5-l/ 



[Eiio3] *m%\z±z>mxmzv>i'7 Mntfis 
t^stec/NcBsaia 

[0105] *fSW£ <fc SfSiffifcl 3 ©J8l±fiJi£l$©&<I 
7 > 6 s e> ©SBSf i: «-9 1/ *<)l> £ © 12 
[010 6] ##8BJllC«k3fb£0iJ3©3 2 S R QAM® 

[010 7] *»WtJ:Sl5JIS0!13©3 2 S R Q AM© 

[0108] (a) fie*©Tve^©jai«»»*ia 

(b) Tve^©ffl«aR«-*Bi 

(c) *»M©*Jfi«d3©^i/^*;i/Fffl[sa-ria 



[0122] ##BB.S jc * SSlflStfiJ 7 © 2 pgjf ©j£g{s«S 

[012 3] *»l»t:J:SlUfi«l8©0FDMSaiS3 
«B©:/ny»ia 
[012 4] #$8WC.fc4£M0 , J8©OFDM#5S©» 

[01 2 5] (a) f£##£©£He.-5©Ja«REBia 

(b) *«B^c«t*iaB«8©*»se^©jaa[REBBi 

[0126] (a) ^fi£^J9 tiiltSOFDMOWeight 
10 ingL&t"R!B&CT?"B! 

(b) SQfcW 9 &WeightingUfc 
2 P1J1©0FDM© 2 o©-y- T^* >*;Vft^tH 

(c) C*Slt5*+ y ^milHS— f&KWeightin 
Sl/fcOFDM©ffltfi»»*BI 

(e)HS£0!l9 t*Jt5Weightingbav^ + yir|HIPH©0 
FDH©ffl*tt^ia 
[0127] *$BB£ t <fc S» 9 ©i£§{t«S© » 

70 

[012 8] IWJ5© h U U X^>^-V-<D7U v 



(d) ^OT9© 2 »»©0FDH©*+y *»©««»# 20 70 

[012 9] Sttifi)!9©*»5'>*fl'Wiaii:#-'1»IHIHI 



©isnsbbi 

[013 0] «*«fcMS«9©C/N»3iS-l/--h 
©H&0 

[0131] giKfti 5 ©bjmbbi*££eb© 

[0132] f?ffifi*J 5 ©M^.7 1 — 7*±© h 5 * 7©B3& 
7*— vy hfc^y H©^fr0 
[0133] 3 ©i£g<f ^©7-D <;/ 7 0 

[0134] !SE*ffS©»aS*SC©ffl«RE«H . 
30 [013 5] |^OT3©3«©WJiffieiS#5Sfefli^fc 
S-&©-9-— 'J 7 fc!jH©glG&0 
" [HI 3 6] *E«W3©WHSeS£#5$i:FDM*|fi* 

^fc-y-fc*-&©ji«cStBse0 

[0137] ggfiS^J 3 lCfil*S hl/'J ^W*flSfcfflV^& 

s^oasiao^sr^ 0 

[013 8] ^6«?iJ9t^lt5 lMKI^OFD 
MT-e^t-S®^©^Sfs^©7-d '^E 
[013 9] SaBWlK*SW-*8-PS-APSK©e 
^.&EB0 

40 [01 4 0] mB&miVL&tt* 1 6-PS-APSK© 
[0118] *ftB££S£tllM7©Mg*2:h?7 «^EttH 



(e) ^6E0J 9 © 3 3fe$l©0FDM© 3 o©* U 5/-*;i/ KB 
£^>-f0 

[010 9] *#MIJC**^W3©TV«*»IHIiJB 
0 

[0110] *«WCJ:*?llfiW3©C-CDM©JSa 
0 

[01 1 1] #»HCJ;4*M«3©flF9*ID3TEI 
[0112] ##§B,g£«fc35ISi&0'J3©3 6QAM«3I 

bfc»^©s?F^ad5aTia 

[0113] #»iHtJ:4|SE«S«5©KW©^ffil*»E 
B0 

[0114] #«l»C£«IOK0l5©fll^8Bt»fl^S 

[0115] #fHIIfc±*f^0n©i«*aaS©i£»B 
8t©7"D >y^0 

[0116] ^iJIJCJ;S*afi«7©2£illie©7*n«y7 
0 

[01 17] «£*#£©««««*:> ? 7 •**©## 



y7©#*P0 

[0119] (a) «*#£©** bEBEfl 
(b) :£&HJ]£<fc2>ili8i{?!l7©^''f A7xD v bEB0 
[012 0] (a) «^©TDMA^>fA^D 
s» hEB0 

(b) **fl|fc:*32S«S0!7©TDMA#SC*'f 
«> hEB0 

[0121] *m^&*?mmiQ> 1 »b©»smwi 

©7"D <>7 0 



[014 1] £fl6«lfc*ttS8-PS-PSK©fe^ 
&EB0 

[014 2] 5feKMllc£tfS 1 6 -PS -PS K (P 
SI) ©fflreAEBH 

[014 3] SIBKflSlC*»5«M7>^^-©*Si:e 
2S&fii:©K<&0 

[01 44] |£K«9t*(tSWe ieht ed OF 
DMSSfs^©7-O.y70 

[0145] (a) &66tH9lc#lt3^;i/*-/*7;©Jgi^ 



(42) 



7-99522 



(b) mmm 9 fc^itsw/wcjn^^ k 
ntra, ^>sJ«;i/«FMB*sioFDMffl«ggia 

1014 6] ( a ) 9 C*»* if- KM ^> > 

>K;H«pWB*SiO F D MO^SEI 
[014 7] SESfi«|9ffl*lt5«*a J i )LW y. fc j ;a2B 

[01 4 8] ^flfi0S9K*«-SD/Vfb4:v^^a 

[0149] u) mam9£*it^ &fBm<D*<fj* 
7. d v hia 

(b) ws«9t*it«, mm<D#- mm<onm» 
#0 

(c) *JKfl9C«|*S t KfclfflfflBSlM* 

7^0 

[015O ] uss^gfflv^y^aii^hfi^b- 

[015 1] flJE#|9OGTW-0FDMi;C-CDM 
(MCSW-OFDM) *«*^fc-B-fc*^© % a® 

[015 2] ^6M9OGTW-0FDMi:C-CDM 



(XttCSW-OFDM) ftffl#*fo*&»£©, 
iAXUy hC*ltS3B»<DTVe^ffl«f(HIEBia 
[015 3] HJ60!I9©GTW-OFDM£:C-CDM 
(XttCSW-OFDM) *ffl*£btffc»*0. 

its 3^7cv h >; *xmm<DVBm8u&mnao!)w®H 

1 atftSS 

4 sms 

10 6 

6 a «Lt^>^ 
1 0 M 

1 2 

2 3 SSI Sflm 

25 mas 

3 3 Sg2£/ilB 

3 5 «Hf§ 

4 3 Sg3gfll£ 

5 1 Tvzjummm 

20 8 5 fi^ 

91 ai^nistjiip 
401 mimm^>^-y- 

7 0 3 S R Q A M£Dfi« 3Tffijfe* 




IM21 



I e 



®mW- 7-9 9 5 2 2 



m 



as 



§-©- 



3H 



mr 

- s . 

\ 



s 



n 


— ' 1 






K-R 











9 

J!«D 

S3 



85 

[H 

s 



¥iffl¥7-9 9 5 2 2 



[017] 




u> 



S3 



(52) 



7-99522 



[mi 9] 




£fM¥7-9 9 5 2 2 



[H2 3] 



Bl _« 



207*. ^2 ~- 5^ ™ . 

IBI 



BE 



[03 4] 



L1 L2 



14 L5 L8 




7-9 9 5 2 2 



[02 4] 

i — - Z^ 3 ™ 

I 4ffiPSK^-KgWl 

I ^ .■ an1 



S! Wffi : m 
S52EEW : As 





(63) fSW¥ 7 - 9 9 5 2 2 

[H35] 







— ■ T *■ 


Sit 312 SIS S1« S18 S18 

l 9" / / L L L 


t »■ (1 - 


i u i'i ^ 


1 LS II Lfl 




3» \ 


S C5 \ 














i ' i i ' H i - i — 



[H3 6] 



*— T *" 




LI 1 L2 


L3 | U» 


LS | - LS 




B'll S21 812 \ 

! n m \'\ « 


8135.23 S14 \ 
{ | M3 |t M3 


SIS S25 BIS \ 




1 - 






[KI3 9] 




[0 4 1] 





■ ITT 



n n n n_^," 



(68) 



4WP7-9 9 5 2 2 



im4 3] 



II 



a® - 




sir 



(70) 



m46 l [0102] 




111 I I Mil I I 1 if I [ I I II — 

[07 9] 



0 


1 






l 












.,,7: 








D. 




r- 








T 






















0, 


7 

HlVJJ) 








! 

i 


































! 

! 


































t 


i 


\< 




. b 


i 













(72) 



^W¥7-9 9 5 2 2 



[04 9] 



4 : T >. 






I « ll « 


1 » 1 




1 - 11 « 


1 




1 - 








1 H, | 




( i « i r 


I H5 | 



- II ! " I II I "'I [ 



[05 0] 







T — 




- 7SM 750. 


177' 7 










h h u m « 




L4 




-HH - 


IH - 


H - IH 


U-t 


H - IH- . 








>l H - 


IH "« 


H HH IH 


H4-I 


H 1 W HM 


H - 


IH- 


H„,,|N 


MM 


W HH | |g| HH 




>l H H « 


IH- 


M h»w 


H« IH H« |H „ M 


H «- 


INhmIUhmIH 


H~ |H H5-4 |W»4 I 




[010 9] 









n 


* 


t_ 


733 


1 ' 


733a 

lb 


73*. 




r 




r 




a 






i— i 


1 - 

«ti < 


JE 


' =— i 




[05 6] 




I 7 / 25 ■ I 720 

721 722 723 724 



(77) 
[05 9] 



9 9 5 2 2 



731 722 TU 72* 



V 














(78) 



9 5 2 2 



[06 1] 




[06 2] 




4WP7-9 9 5 2 2 



[BI6 3] 




(80) 



ftfflW-7- 9 9 5 2 2 



364] 





ttfflW- 7-9 9 5 2 2 



ttMW- 7 -9 9 5 2 2 



[06 6] 




&m¥7-9 9 5 2 2 




(86) 



ftfflW- 7-9 9 5 2 2 



[07 0] 




TT 



(87) 



«rBB¥7-9 9 5 2 2 



imi 1] 




1WP7-9 9 5 2 2 



[H8 0] 




[08 2] 



&M¥7-9 9 5 2 2 



§ 



I 

n 

TK 

m 



hill 














J. 
3 






6 



&m¥- 7-9 9 5 2 2 



<D3) 
D2-2 
D2-1 
Dl-2 
D1-1 




<®m*l-9 9 5 2 2 



13 (AiQH) H H 



(94) 



ftfflW- 7-9 9 5 2 2 




[E9 8 8] 











(Dm) 


-|BECCT'3-jr-|- 


DjJ 




(Dm) 








-| ^Eccfa-y- 


Dm 








OUT 


(P'-») 


«1ECCT'a-if- 






Dt-a 




(D1-1) 








-|*ECCf'a-ir-^T- 













(95) 
[09 0] 



7-99522 




[09 1] 



(104) 



4$lfl¥ 7-9 9 5 2 2 



[0113] 




imi 1 7] 



"if 




TBS 


7746 


-ft- 








d=A+B jf „ 












M 




if 






r 



[012 1] 



1WP7-9 9 5 2 2 



\ 



\ 



A K 



9 5 2 2 



[012 2] 



\ 



\ as 

N Dig 





[012 5] 




o 


□ O 


O Q 


□ 


o 


Q O 


o'o 






[013 2] 



«W¥7-9 9 5 2 2 





*SBB¥7-9 9 5 2 2 



(Man) (• 




[013 5] 




«rBfl¥7 -9 9 5 2 2 



[HI 3 6] [0141] 




[014 3] 




Radius of Antenna (cm) 




mi 4 6] 




1WP7-9 9 5 2 2 



D/U Ratio of received signal(tffl) 



[014 9] 



[015 0] 



- 9 9 5 2 2 



D/U Ratio=30dB 




T M :Delay time of Multipath(us) 



Q 20- 

.2P 
| 

1 io- 



D/URaiio=30dB 











HDTV 


SDTV 


LDTV 


8Jla2 


SDTV 


SDTV 


LDTV 


/ 


LDTV 


LDTV 


LDTV 

, Tga=50uj 


801a 
/ 

1 



1 * 10 » 

TMiDelay time of Multipath(us) 




[015 3] 
Tranter Rate (Mbps) 




Searching PAJ 



PATENT ABSTRACTS OF JAPAN 



(1 1 Publication number : 04-1 96822 

(43)Date of publication of application : 1 6.07.1 992 



: (51)Int.CI. 



H03M 13/22 



i (21 Application number : 02-323053 
(22)Date of filing: 28.11.1990 



(71 Applicant : NIPPON HOSO KYOKAI <NHK> 

(72)Inventor : SAITO MASANORI 
KURODA TORU 
MORIYAMA SHIGEKI 
TAKADA MASAYUKI 
YAMADA TSUKASA 



(54) DATA INTERLEAVE SYSTEM AND CIRCUIT 
(57)Abstract: . 
PURPOSE: To obtain an interleave effect on a time axis by 
assigning plural carriers to data of plural voice channels 
included in one transmission symbol. 

CONSTITUTION: The voice signal of each channel is converted 
into 168Kbit/S voice data by voice coding circuits A1-A33 for 
example. Then, the voice data are converted into 366Kbit/S 
; error correction coded data by error correction coding circuits 
: B1-B33 and operated for an interleave processing by data 

interleave circuits C so that each carrier can be assigned to the 
data. That is. each carrier is assigned to the data of thirty- 
three monophonic voice channels successively read out from 
the data interleave circuits C, in order from the first carrier of 
the first symbol. Thus, the superior interleave effect on the 
time axis is obtained. 



© # & as a & §a 
^F4- 196822 



©Int. a.* 

H 03 M 13/22 



7259-5 J 



©&§g ^4^(1992)7^163 
¥£83* SEW* ggggg ^ (£7JC) 



®«r S ¥2-323053 

@ft M ¥2(1990)11^28B 

mm»1S:Ea@E5fi 1 T § 10#11^ B #at52£ffi£fifc£&ffi 

K3K«S1«:BBSE.5fi 1 TB 10*11^- B*JttaS»*tt3SftW 

mma5i±ffl^E$fi 1 T§10#11^- B#i$^ffl£Sfc£&W 

mmfmeasEfa it§io#ii^ B*ttaB^ttSitt« 
2 t § 2 # i 









^ B 


IE * 


©IS 






A B 


ft 




m 










m 






Be ¥ 


@m 


a 


A 


B * St 


i3i m £ 




m 


A 







1 . s 'fl o s ft 

2. # I* IB # <0 E B 

s/vtf^wft*!- to i£a»<9«& 

ft S © TOE 1 W J» f > * Jt' © & » & & ,c ' ^ & R 

© to e i *c j* v v # ;u © ft ») © s a © » & & |c 
to o 3 -c -c ^ < ckifiatTif-Mv* 



2 ) Hi * 51 l K * v% t . TO E ft 7 > - A 03 5B 1' 

SS i:g0^y#;u©aa©»££KH&i©TO 

85 E 1 7 U - A IC £ * ft * »J a> f f * ;u * ffl ^ T 



3) iii # h i c « <^ x. « a © to e 7 - a © m 

PHH«**M9 ar. UE#7 U-AOSB 1 W» 
i/y#*oafflO»jSKKW9 a.x'&ft*TOE« 



4 ) HJP f- f V * ^ Ere ffffitb. ( 1 7 L- - 

* v fcyiJwStfc 1 -> vrfA-Wfiaic 

1 H©»i&z£lC i^TiSSnaf-i-Cli* h 

b a go ?s t » 4t pfv y**©7 ! -^*WEj < 

lc^^T»Sjitf»ii»^Si:. 1 o © V A- 

;> * © 51J ft IC . 1 S/ > * A- # © g £ r - ? * IC 
ffl £ T S 12 tt m & St ft: 3c * tii l> . 3; © -> v * ju 
■CjSe.h5f-^%. Hltil©S/Vtf;i>-Cft&IC3c 

A-tBsneiettma©. ffi £ ?u ft -e <x © xa s © 



&»©»>*&*>€» IBS IC ©Fx- > *3I 51Tt 
^ < C t IC .fc 0 . 

J»*fcHB*u:, «BB«±«0-f > # y -75a>J& t) ft 

e»n* * -5 ic ur. jH«aaKtt7 v 
-c v/ua; x©mt? ica^oFDHg&^ss:*^ 

[ti£3K©£Stfi] 

HtJROatRtl/ttt. CI A. tt CCIR Report 
. 955-l : © Figurel7IC ^ * tlX v"> -5 X 3 IC . 300 U 
ViKA-i'Sfii^U-AOt-C, & * 1 © © 

pfv v^jkot- ? & a ei t * 9 -> y * a- ic m 

■C » M H •* V * ';-7t4»K4'BX3nx^ 
ft: . -t©{3*|-7*— V? r 38 4 H IC T . 



A 13.R1 ¥4-196822 (2) 
.3 : 5E w ©iPra itt B fl 

0FDM(0rthogonal Frequency Division 
Multiplexing) ESSS IC iffl S hi f " ? O 

^y-T'^^iJi^sssicff. senses 
>*aa«o«iSifii=3y9sr*7 s -"^-/>^y- 

C©»lfltt. 0FDHgi£#SCK * . 

l <1 © g & :/ # A- lc £ i>\ r l± . & © ^ v v * 
;uo5x-^«:S5fia&lcXI#icli|QaT. * © i* 
© g j£ f v # A- ic £ T ii . iE SH © E S •> v rf< ;u 

■caaicx-^'fcsiio s-cenfc!SjsS©»:©/il 

#1 A. fcf CCIR Report 955-1 © F i gure 1 7 IC fp S h 
-5 advanced digital systeo U © 7 U — AW 
IS i ^ "C li . & -> > ;u (± 4 4 8 11 © SB is & 6> 

r - :M± a & T * 9 -> > a- ic si 9 3 x <=> n . s 
e. ic ~> > # ;u j& (£ -c b? ra « -c v ? y - 7" & t& s n 

T©«Szffira^St*^o-Cj£e»n4i5>6. ® i£ St 

iatRt$7*-i>v^icjPti/-c— £©jai£Kia-r > 
*y-7©0jma j '#e>ft*. 

Uia, jfiSST-J-r — B3 9 6 3 » j£ & IC 8>l 
DSTSliofflf. & JR 7 i - i> V :/ IC .k ^> TT 

ast6)ia<o « a s *« « n -r * n ^ ic t± a - a 
± fc . r$ n m -r v * y - 7 1± •> * * a- * a -c * 

■6ft:©. -fV-'WUAttJigK.fc^-C. 3j -5 ft £ © 
i/Vtf;H5'WX$:gttft:lg£l;:l±. © -> V A- 

9 * & <c BE S * g * c i: ic •£. . 



* & w © s w t± . iS^Bc 7 ^ - : s y ± r> X 

;/,<**ttM§ICJ:^rre£<D->:'tf ****** 
F fa •*§■ d°d H # ft * * « ^ * 9 * W fc «t -f v * 

lisawiiaTitftiSflii- ?s a © » a 
fiie?ija<og^^-v > * jkb a * fiu e aaosa 

& 03 a fc 5 i-m: S-Ciii^^KlcT-sfcftic 1 
^OtvhK 3 fe±T9fU<U. ft <o ifi E l W 0) 

f *y*v*«!x«oat. as i wa>-> 

^KBKW-gTSf-* v * ;u % & © SH E 1 «S»->v 

iff mi 

* 56 M IC i'h K , 641-JO«?f^**0 

*i « j; m ■» k . ea^u-Ano-r^rwiras' 
> * ;u -c fig a s ft . Chicot. jii & a te ± © 
fi * H <o 4 y ? i; - 7" S* A t ft N K . W M « ± °> 
.< y * y - 7" » S a* » 6 ft . Jil«KiaiR1£7*- 

[55 Ml Ml' 

; Jlltt, CCIR Report 955-1 ©advanced 
digital syste«H -Cffl e> tlX ^ 4 ficiS A 7 ^ — 

ST4iK;.t)1l'C*4. i fc SB 2 Eltt . Sl<9 

^asei'S:^ss"f4fc«)07 = — v * v — rasa 

*5«T."3B 1 <0 31 fPl IC 4J ^ X l± , 7KHi fl)S« 
fc44S (l«3»iSffi%ffl 168Kbit/tf * 



t S: 15 Bit t. is 6 ic . 

roW3J)-> v#;uft) x («2fiS) * (^7^* 

v * * a ) £ ?>j o a t u . i -> v # * w m c i « 
03«a«icj:-9-c€6iS*n4f ! -^<oKf f- a * 

AjrtK«9»A.4Sj*f-*>*^«9»*.aa 

# W "C * S ii tf S ii * * a i: . 1 -9 <0 > > * A- "C 
X <0 51i 7f fS] ic . i->y^;U7><o&je-?-^* ,;: ^ 

iii-r4£tt*&a£ttE*asu. jx © f v # * 

aiSft4E«*<&©. M E ?'l 7j ft "C K © ® # © E 
ISai: T4 . 

V 3 3 * V * ;U E 35 L X ^ 4 . 17 u — A 

t±3oo ^ > * ;u *> e> ja o . 56SH3i/y*^t±iBixs 

* v> tt -r - 9 t » * /i *> ^ K ft c. <£ ffl * * ^ 
>**Klil7l/-i6t^3I -> > A- "C * 
* . 

H & {R| !C ii V> -C l± , SJi£Sa448 =2'x7i:© 

7* x v * ;v a 3 3 = 3 x ut *is^i:S4S t 

t£ -3 X ^ 4 £ t * f'J ffl T 4 . 

l±. -gjSff-St-ttE&A.-A,, "C168Kbit/S BfP 
~B,. T 336Kbit/S 03^ 9 HEff # <t 3 n fc 7 s - 

'J-7S!8Ci>6Wc>:Ec*di3nfc33(H<0*y5 
131- 



i* £■ IC tt . Gr^Pf- <^7* A><» 2 fcf v V 1 (18 © 
»j&jfi!ICIi]0aX6n^. 3J 1 JR tfc © 

#;u©38 l »5£fttt#pr<D f^^JUCH 

a« S vmc 35 © "C . * * 

^©^-^tt, 448 {KD-r^X<0»fij^&. 297 (1 

* i m © -> > * * e *>■ n "C tt » (si — ■§ f t- > 
* ^ © x - * i± . 3311 # it r-i hs * a ^ fc « » & 

&2ia(a)ic3gi©iis£Bii*fi8i-f*fc*>©j£ 

**©§;» -r-;? tt. (.iJSIC^U -cw^f- v ^ 

vh'j^ ( * * y ) C2lc * § ii i ft * . 

C2IC £ -5 V h 'J :*;?.©* S <* tt 1 7 U - A # © 

: i/ v # ;u © K8 N «c -C v * y — 7 v h 'J ?x-\o) 
T'-^Sji* ( 297 *fr<^. 3?4~ 

ss 300 -vv.-iwucoraraic^Fx-^fcSc^aitt 

-f V 9 y - 7 % *» tt -6 C t ^1 ffi ? <fc <5 . 

3 tf « « & K tt . ■gpr^vv^;uWO»A.iftaiEl 

f >) --/v b >) ? A<D&fr en 53t6h5tp 

IIDSt^?- v a« E S © « £ tt , ^ f v v * 

JB3Eltt:*:$£9i©3S2©|?i6 0l|*:^U, 
3.5MHz. «jSK» 448 . f J» f t V^A-'Sn, 1 
fvV^A'ftfcO tT ? h U— h Z10Kblt/8>©il6 

i> X©3B»tt38 1 ©^Jfifll (SB 2 0) fcl^a-Cfe 



14 bit 4 r.H;ji;-.' CD 
is ^ . 448 r ) x 2 ( t: v h / + v y 7 ) 

X Z97 [ > > sK >l> ) = 2 6 61 1 2 ( \£ v Y ) = 33 ( V 
V X 8064 ( fcT v h ) "C * * . V > V * * % 

m«cT4/hS*E3«©Dtt2 fcf 9 h © f - * e » 
Et4. « & * . S!Bll±2 f» h**fikl/T 
fTfcft*. *t?fty**o?-^. 

^ r t I; , 2 x 4032 tf v h = 8064 £ v hf-Jffi 
^|S)li:» S * hi . 3T 2 12 (b) tt * * ') C2A> <=, 

©^-^©ss&l as a tiiju « » r e 1 5/ * 

A # O . T *> *> 448 * * V 7 ( ffi i£ & ) IC 
{1ST 4 896 Xvh-J-?£ifriiLiZt\Z>. bfc* s -3 

i±> 55 2 m (b) c^-r-fc^e. ffi&&K*#> B 

v 1- 'J ^^Ot^Tfflf - * St * tiJ T 
fc. *> i ^ if 297 5/ > # <£ * . 2 <@ © > 

*y — 7-tmj** =& ffl ^ r. ft -e 

ft. Scdit. «ii*%5c5:i3ff i7u-a 

fc . |S] W • Si| ® ffl -> v * ;u i* ia e. ft •& IS 1 ~ 3 

al~al3 -C210Kbit/S 0? g ^ — ^ IC 2E 1A L . -3 
l^-Cg 9 ITiEff ^^tSSSbWblS "C 420Kbit/S <D 
»9ITiE?5^{fcanft:7 s -#eKSft*n. r - # 
-T y-^0BCtIII3BSOJ:5Kft«58jS 

a* si o ^ r e. ft * -t ^ c -c. v ^ y - r ffi s « ft 

IC. &7U-ACTi:ic3Ilfi-ai/v*A©3lliS 
•5 . El tE -> V * ^ t U X tt . fciAttS7i/-A 

* S ic J; n if , K <o x * to 3k & '& Z t\ 

-5 . 

©WSS->V*AIC^»U-Cifi€»ft-i.O-C. -f 

132- 



[ v A ;i> * St IC J; -a X 15 £ <D > > * ;u £ 

<c K S % g W /I ii •& \Z H <r> r , iOKSi 1 

# Sit s ft . <i * <z> # ^ * > * ;i> <d S K s& ft 
; Tib*.. it J; 9 «ft 

2. * -5 1 oct^f t >^-;Uco x — ? {± T ^ T 
<0«iSififfl«a«:ffl^XiS6n4i:HmfK:._ 
&13T*x-:M±^*:/*;t<ai:3?UtAilSj£ 

*^ sc J: o « n & jb » a « -f > * - r sa & 
*« ft e> ft -a . 

3.&7 ties 1 S SSl -> > * Ji> ® 35 1 88 

i£gilCli]0a-C6ft-5^Ff-vv*;KO§-f- 

£ {k 3 , itu is •> v * ^ * R? r -e- <o § 

% a fa fflUC is ■& C ■ fc IC J: 9 . 7t/-Artl: 

* * ft fct . J;0^S<c^V# , J-72SS%ft 



^ 3* Kl¥ 4-196822 (5) 
s <k s -e * ifl £ ic . — y w « a ts 

. "51 fig -Cfc 4.. 

4. 0 Eg <D W # £ Si Bfl 

|g 1 E) tt * 5£ nfl 05 3? 1 cj^Jgfllfc^-fE]. 

a 2 a (a) . (b) tt [hi & i © * lit •& /; 

tfXD-l" V * 'J-7v I- '/ ^^cOftftfc^TEK 
55 3 0 t± * f£ W © £ 2 ©HiSfllfcij^TEI. 
3g4E3(± terror-? aJQ^TTTj*:*: if* TC2-? 

ft 4 . 

A i ~ A . , - # j3 fif *r (fc 0 25 . 

B.-B,, »M 0 IT IE R # <k 0 SS . 





Ai 




^ Sr 


No./ 






















No. 2 


<r?<t 




a'jirt 



1» 



r-y 



C 



f 4> -t-yu-r -J* 
- i g» 



II- 



I ■ 



ipTHTFTI 
HH1H 



I HI: 



$ i m 




1 7U-L ( 1 17«JW 



m 3 



TED 



f^feHstlEHra no 



' »! «f * '« ™ <f rHf £ ^a i 



1H 



WIS1 ¥4-136822 (7) 



i -v ^Mmrr\ i i i i i i i i i i i 

V>3CJU&f I. 2 3 4 5 6 7 8 9 10 1 1 12 393 393 394 39S 396 397 3?3 399 300 ' I 2 



m 4 



\ fm w % iii B3 m mmn5i«:ES&5fi lTgiosim- b ^sc^ta^sciUK^i 



— las — 



^ esp@cenet - Document Bibliography and Abstract 



1/1 ^— i 



TELEVISION SOUND TRANSMITTING AND RECEIVING SYSTEM, 
TRANSMITTER AND RECEIVER 



Requested Patent: n JP2166979 

Application Number: JP1 9880320511 19881221 

Priority Number(s): 

IPC Classification: H04N5/60 

EC Classification: 

Equivalents: JP2960427B2 



PURPOSE.To balance a video and a sound by transmitting the same sound by using both FM 
modulation and PCM sound multiplexing and switching both demoduled sound signals in 
correspondence to the S/N of a transmitted video signal in a reception side. 
CONSTITUTIONMn a transmission side, a VSB-AM modulator 5 and FM modulator 7 are provided 
and the same sound is transmitted by the FM modulated wave signal of a sound carrier in a television 
transmission band and a PCM sound multiplexing signal in the horizontal and/or vertical flyback 
period of the video signal. In the reception side, a BL multiplexing signal sampling device 14, sound 
PCM decoder 18 and FM demodulator 20, etc., are provided and a television sound signal is 
respectively demodulated by the transmitted FM modulated wave signal and PCM sound multiplexing 
signal. Then, in response to the detected value of a bit error rate for the PCM sound, the two 
demodulated sound signals are switched and used. Thus, when the S/N is satisfactory, the PCM 
sound is used and when the S/N is degraded, the sound is switched to FM sound. Then, the video and 
sound can be balanced over the wide range of the S/N. 



Patent Number: 
Publication date: 
Inventor(s): 
Applicant(s):: 



JP21 66979 
1990-06-27 

SHIBUYA KAZUHIKO; others: 02 
NIPPON HOSO KYOKAI 



Abstract 



Data supplied from the esp@cenet database - 12 



/okrfr,r»9i r;=«n^r^ v=^^nR=P A T^P7sJP=TP7. 1 66Q70^PN=.TP2 1 6697Q& ABSFLG=%0 01/03/02 




© B * M 4# ft ff ( J P) © n ft & H £ ffl 

© ^ H 4# (a) ¥2-166979 

®Int.Cl. s mSIJIB-^ JrflSEM-^ @>&fl8 ¥^2^(1990) 6^27 H 

H 04 N 5/60 Z 6957- 5 C 



@t¥ SI BH63-320511 

M. BS63(1988)12^21B 



©m 


m 










- m 








m 


* 


s m 






is K 


mKff1«:BB^EKlTB10#ll^ 


B^SciiS^&MS^ 


©m 


m 




ft T 








«iJ1*ffl©IEffi5 1 TS 10*1 Hi- 




©& 


n 


A 


B * 






e ^ 








m 


A 






n 









?fl « s 
I.56M<0*W r u f ■>• 3 y S^iSgfl 

2 . f# 21F iff JK co QB 

<5 , 

iSfs H K & o X U . iQl - lr * x U tf •>" a 

I» « ft ^ ffl /k ¥ *»• J; c/ / S ti «6 iff «l* PJJ R3 
W ffl PC.i & £ ffl vt (f ^ £ J; *J & f & t t 
biz, 

a (t ffli ^ t « , ft.T § a: on mfm 
-e n -f n nn ie v- u t- •>' 3 * « ^ « ^ $ # $ t . 

K & .'S 5 4t fc 2 -3 O # js ff ^ © ? -f 5 y £ 
■f 5 7- u f>- 3 v«JSi£g<i 

2. m$jr i leasoixgfg^^cfjffl^nsis 



a k a m. f>< t v t- j 3 y & ^ f* $ pen <t 

U T f- u- f •>- a xWttt ft -t©7k¥ 

fctti6is»»!wp 0 ntc#af *^a&, c©£ 

ffH Si -r is f •>■ 3 y # ^ )f ^ i [s] - © § ^5 (f -g- 

3. wxw i seaoasatt^riccaja 

FHI S£ -r u b- •>• 3 yf^lff ^ifii-rs^gi, 

pcm ** o tr „ hso$$iJtnt5?si, 

fS !fc $ n A: t" » h J3 «j $ © (3 £ i5 U T fii) *2 tS 
^ xSFSff sat. 



-513- 




Z ©3S!Httf- u- iff 3 ^#^©i£Sff 
*). #K«^ff ^OFrHciSiPCM £ & © Wffl £ 158 

( £ fW © « £ J 

CCD^BJlJr l/fi/- 3 V g CD & g ff # 5* c {* 

*T# fcttfiiEMlSJRMACPCIi 
Sfbr-5 2oCD^}£tc: l i;oT^{fL. g (f M C $> 
■»Ttt, (£i* SftT S fcttft©*©S/N Jo Li T x 

C nci 0 Bf&fa-ttoSfaS/N *<*{fcU, PCM 

©s&ffcsitojtL-cn-s. 



^^?ira¥2-lG8979 (2) 

iFMSiH LT£i51" -S^xt*. B« D »ttrH:-y a 
fc tt £ S ffl » SB ft C -r * ;u ft ^ <fc L T # ffi T -5 

. ( is 9n l j; -b t i- a raa a ) 

Wf^KPCH f^5#lLTSiif 
•S^itti. teiS + (CS/N ft Lfc «$©!*»<!:« 

^© D D 0 s®si)-&i,>^rp , i2a i « s . ^^©is-g-s/N 

PCM »pr©i|AK») ITjEff#*ttffl L 

B n aSA^jJi{C^ML^S iKi tz. *© 

ft A <B S/N IJCttS^O^ASBtfllClfcR^-caB 
©£ft*<*SV». S 2 EI K PCM f^Ci'lHS/N 



sr. 

( m so * * « & -r s » © ? s ) ' 

lt^T**W©Btttt, fla&©raS]L6tciS*, 

S/N l»ttPCH S/N *<#(t 

# fclSFflS^Ktfl^*, FM«/S, PCM 

n-e--n©?i].#.^i^L^.#.$«M3-ttT. s/n © 

/£^fclffl£t3fc9[*&*^©ft^^a<£*l.S7-l' 

& 5 . 

ft "f * C & it >) . iSiSKKft^Ttt. |aJ-*>5£ 
x u f •>' 9 Wsigff l£rt©«Pltti£»©F>iSiHift 

SBRHrtfflPCM ^^^fkitiS^tz J; *3 UHf -f * i £ 
tC. aft«C*-,Ttt, tei^ 5 fix § /;ntlI2FM 



^ n mi S3 f- u f a x «■ ^ m « u x pcm « 
^ © f v nR0!p©ttajfiiK:isi;TBiiiea!B4*i 

LTT-uf^j x^&ft-^-OTk^Pi; .tat/g tz it 
FM^ia^-s^Si. 8iJ22^j3^5¥S<!:H5KFn^ 

33rs?-a£©Ra5^ff-?--£fPf&LTaftt-5^ 
K^-tMisu/cci^wfai-r^t©??.*. 

$ h iz S /c . ^afri-tya > « ^ §: ft S S 
iHalHf ^-imlgaPCM ffl^fcff ^ «t J: ♦) * n 



-514- 




pcn «^«Dt- v nR9**tta-r**a£. turn* 

^iPCM © ? -< 5y/Sd*3-tt5?a"i«S 

JUTS H ffi * S IS L 31 ffi W c J; ») ** "H £ » 
fa tc Si W t 5 . 

"/ n „ ? MB * * L . - © X tt W "C « » * © 
NTSCfciStf it d** OS* i tt ,Tt'J. 

35 1 121 mm tc «fc n « , a it as -c s* . aars 

(f ^ (R. G. B©3fiSfeA^lff^) tt ft fife X y 
3—^1 TNTSCx y 3 - K $ ft -5 . —Ji Xfi&P 

3 2 tpcm fffni«ji9Hg inE??^£{-t/jn 

L1i¥ f J9 *«*C«»S*i. PA» <&%&KZn3 
-C /< A Rtti $LiR Liz 9c a-** 77 4 ;u ? Si' 
TaftJBSJBb, BL#!B0» 4 tRflli ^3 1 
J: *5 O as # If ^ © 7k ¥ <fc / £ fc tt JB E » « M 




Itrafg-IGBOTS (3) 



PflC^ttSn*. C ©#ffi $ *lfcfa -t ttVSB-AMgg 
m il 5 tc <fc *) -r u f f a ^©l$i!&|jSi£jft£$S87Cg 

A^SFft^Ot.-5-^fS^^PCH XX3-*> 

2 . PAH iftj&gJ&SS 3 « <£ TiT-SPCM #^ff^- 
©ffiisttratffctf 2ii£ H 6 TiSl£3 nfcS, F«SE 
iBS 7 TSJS|«i£i£*FM£ig-f S. vsB-AM3£iSS 
5 £FM«B8 7 ©IliA tt£fiR» 8 T^JS* 

ft s rti 35 9 T JB.rti SftTteiii&KUS'jaiSftS. 

«S^ttSrMmSlOTSiK<»u-"<>i'*-eMiti3*L 
•<»U:*)2-3©(t^jll8tc^ffi$n*. -&©-#© 

ft ^ia!s©<t -tii^iSiiia 7 -< ^^bpfh -cikis. 

fa ^*<tfc§ K "b*U ftttttttlDBl2TU[!flSn. 

7. /< y KA<WO titiSft *. -&©&BL£ffi|f ^-ifelR 
S 14 T & ft tt ^ © » II SB ft c ^ a $ n T l» 5 PCM 

*jscwjBr*is^*tt*jR*)s ia»3aE»»i6-c 

» JS5-& L fc a . i"<*MJI17Tl"<*flSl 
I Or >' ? MltCg L „ #>SPCM r 3 - 



^'18T fc t ©ff^ia ^KRf . BL2Sff ^IfcHUI 
1 4 "C M M! M M fC £ £ $ ft PCM & /S if ^ & $ H? 

4 n fc a © * a e 9 « » a t a - ^ 1 5 -c .use r 3 

-K$ftfc£©R. G. B©3DS&l*tt If 

a . 

& tC 1(9 ttl H 10© Si *J ? fc "7 -2r ©If ^ k. «■ 
«3nfcla^li> flyisSfflia v -< ;u^bpfi9 -cfms 
ijgift $ n/c U ^ KS aft A ; K 0 Ol $ ft, FntS jJ3 2*20 

T FM-gi ifl $ ft t i © # ^ 1* tz m $ n fc a > pc 

M S^fa-? i ©H^IhTS^ iSS-f * fcwai4!12ic 
«k 0 iSi£$ fti. 

C © cfc i> L T ^ftfcFMtSiH*^(f <tPCM 
tgja#^ff^ili9J«A.?.-< v*-23-CiiilR5ft, 

v r23tig?spcM r 3 - ^18© f „ h je *j 
22©tS*Ktt-»T*fcftr*. r«*5SS^PCM r 

©tttltttL. is*) 

v r «FM{Sia«^(f JMfRL. 

i^ciipcM <gyg&^j5^*iaiRir «. 



JM i: © T s fc % s& Si a * © s * <t * e is 

^ii<NTSC^^-?* i Cft!iC©^ittClJaS$ 
ft 4 fc © "C « « < , flis © * ¥ * «fc !>' / * fc li S IS 

■m is SJ) issi £ pen & £ £ tg -c § a -7- u t- •>• 3 x £ 

( % Bfl © 54 * ) 
«±i¥tt'-:©^TSfci^cc. *ffe>yj^^icJ; 

ftl±\ FflSfS. PCM ff^S=gffl (Jf ffl £ ^ 0 , i^^ 

s/n EiS^c*'u 5pcm is; 0 D a ® <t . {K^ 

- S/N (ci5»#{C: tt 4FMS^^ J; -5 « fc <i A> « ^ 

A U '^Mt © t* •£ PI »# i5 -5 c tfrT £ . & i£ » 
©S/N © j£ ^ ia Cffl c 13 ISUa* ^©J^-^i>© i 
ft r u f 3 y § JS ^ $ n jh r 5 - i a< x & 

i . 

4 . m js o ts • « sji n 

9 IS El £ * L . 
35 2 H tiPCM & ^ C 4 s/N t f v ^ js *) ¥ 

©ixn*i^-rEiT&s. 



-515- 



1 - » ft x v a - f 
3 — PCM SJBgJBIS 
5 -VSB-AM&iSJS 
7 -FHSnH 
9. lO-WitiQ 



2 - S^pch x >• 3 -y 

6. 21-jgI£S 
8 — ■£•/& ?» 

11. 19-««iBiB7 -f 



16-&J£gj&?3 17- u -*;t,*i]£S 

18- W^PCrt x 3 - 9' 20-FHig jaS 



22~S*> ipflfc 

1? it tu m a 



23- * -f v * 



?in{l¥2-16G97fl(4) 





H 3Pfr 1 — ^ftfrshH** 8 ! — 




20 15 " 30 
V* (dB) 



-516- 



esp@cenet - Document Bibli( 




)hy and Abstract 




1/1 s<— 



VOICE ENCODER 



Patent Number: 
Publication date: 
lnventor(s): 
Applicant(s):: 



JP1 074836 
1989-03-20 
ASANO NOBUO 

MATSUSHITA ELECTRIC IND CO LTD 



Requested Patent: p jp 107 4 836 
Application Number: JP1 9870231 155 19870917 
Priority Number(s): 

IPC Classification: H04B14/04 ; H04L1/00 

EC Classification: 

Equivalents: 



PURPOSE:To always provide a service with high speech quality, by switching voice encoders setting 
a certain reception level as a threshold value. 

CONSTITUTIONS voice encoder part 2 and a voice decoder part 9 are provided with specific 
characteristic curves 31, and a voice encoder part 3 and a voice decoder part 10 are provided with 
prescribed curves 32. Voice input 1 is processed at the encoder part 2 and the decoder part 9 at a part 
where a large reception level and a high level with a few of bit errors are provided, and the service 
with high speech quality can be provided. Also, it is processed at the encoder part 3 and the decoder 
part 10 at the part where a low reception level is provided and a large amount of bit errors exist, and 
communication resistant to the bit error is performed. A switching processing part 7 always monitors 
the reception level, and switches a switch 4 setting a certain reception level as the threshold value, 
and operates a device according to the characteristic curve 33. By constituting the device in such way, 
it is possible to always keep the service with high speech quality and a speech even at the part with a 
low reception level. 
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PURPOSE To set the error rate in steps to the quality maintenance standard of each signal and then 
to give an alarm when the error rate becomes more than the preset level, by monitoring the error rate 
for the transmission circuit in case the signals of different quality standards are transmitted through^ 
the same digital circuit. 
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PURPOSE:To prevent malfunction of a data terminal equipment by comparing an error signal quantity 
detected by a signal comparator circuit with a standard error signal quantity, and disconnecting a 
switch provided to an output circuit of a majority decision circuit when the large quantity of error signal 
exists. 

CONSTITUTIONS signal comparator circuit 4 detects an error signal a1 to output to an integration 
circuit 7. The integration circuit 7 integrates an error signal a1 inputted sequentially to generate a 
voltage V corresponding to the signal quantity of the error signal a1 . A comparator 8 compares the 
voltage V corresponding to the standard quantity of the error signal a1 with the voltage V1 
corresponding to the standard quantity of the error signal a1 , drives a switch 6 in case of V>V1 , to 
interrupt the output circuit of the majority decision circuit 2-3. Thus, when the error signal is large than 
the standard in quantity, random noise outputted from the majority decision circuit 2-3 is not supplied 
to the data terminal equipment 3. 
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200 Mb/s 16 QAM Digital Radio-Relay System 
Operating in 4 and 5 GHz Bands 



By Shinji Matsumoto, Jun-ichi Sango 
and Jun Segawa 

ENGINEERING Bi.RF.Af. NTT . ',*". 

Long-awaited "atouc" (trump) for digitalization of the vast analog radio-relay networks in NTT has finally 
been developed on the basis of 16 QAM ( 16 ftvel ' Quadrature Amplitude Modulation) method and various new 
techniques for countermeasures agains t^multipath fading) distortion. After five years developmental research and 
field test, the new digital radio L relay sy stem operating in the 4 and S GHz band, designated 4J5L-D1 system, is 
to be put into the first commercial use between Sendai and Aomori over 11 hops. This system can convey 
200 Mi>/s per radio channel, maintaining compatibility with existing analog radio-relay systems in connection 
wirh^requencv allocation renentrr spacim. repeater stations facilities e tc. This paper describes, as a first step, 
the system design, newly developed technology and equipment features. 



1. Introduction 

NTT has developed and installed digital radio systems 
operating in the 2, 1 1, 15 and 20 GHz band since 1968. 

The 4, 5 and 6 GHz bands have been applied only to 
analog systems which provide very economical long-haul 
circuits due to 50 km long hop distance. Digital radio- 
relay systems, as economical as analog systems, are in- 
dispensable for digitalization of existing radio-relay net- 
work in the 4, S and 6 GHz bands. 

NTT began development on a digital radio-relay sys- 
tem in the 4 and 5 GHz bands in 1976 and has success- 
fully completed this development. 

2. System Outline 

2.1 Modulation Method 

4 PSK has been adopted in NTT's digital radio-relay 
systems up to now, because the required PSK SNR is 
smaller than that of ASK or FSK, if the same spectrum 
utilization efficiency is assumed. It is necessary to use a 
modulation method with higher spectrum utilization 
efficiency than 4 PSK in order to realize the digital 
radio-relay system with almost the same frequency utili- 
zation efficiency as the existing FM systems. A capacity 
of 200 Mb/s per radio channel, which is almost equal to 
the FM system'capacity, is realized by using a 16 multt- 



/el modulation. 16 QAM is better than 16 PSK with 
spect to the required SNR, as shown in Fig. 1. Natural- 
the larger the modulation level number is, the higher 




10 . 20 30 

Required SNR tor a 10-» error rate (dB) 



Figure 1. Spectrum utilization efficienciej or M-iry 
PSK and M-ary OAM modulation! 
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the spectrum utilization becomes. However, it is very 
difficult to realize the 64 QAM or more multilevel QAM 
system for. the time being. So 16 QAM is adopted in 4/5 
L-Dl systems. 
2.2 Filter Desian 

The required 16 QAM system SNR is about 7 dB 
larser than the 4 PSK system SNR. Nyquist's cosine 
roll-off spectral shaping in overall transfer characteristics 
is selected in order to minimize intersymbol interference 
and interchannel interference. 

Concerning the roll-off factor, the closer the factor 
is to 1.0. the larger the adjacent channel interference 
becomes. On the other hand, intersymbol interference 
due to mullipath fading increases as the roll-off factor 
decreases. A roll-off factor of 0.5 is selected on the basis 
of the above consideration. 

2.3 Transmitting Power 

The 4/5L-D1 system transmitting power required to 
realize a 50 km repeater spacing is 26 dBm when there is 
no interference from an adjacent FM route. 

However, there are many terminal stations on which 
both digital systems and FM systems are converging in 
the transition period from an analog network to a digital 
network. In this case, the harshness is interference from 
the existing FM system to the digital system due to the 
high transmitting power in the FM system, namely, 43 
dBm or 44J dBm. Therefore, a transmitter resistant to 
high FM interference with 32 dBm transmitting power is 
also prepared in the 4/5L-D1 systems. 

2.4 Hypothetical Reference Digital Path (HRDP) 

The hypothetical reference digital path for 4/5L-D1 
systems is in accordance with CCIR recommendation, as 
shown in Fig. 2. 

2.5 Frequency Arrangement 

4/5L-D1 systems employ the same radio frequency 
arrangement as the 4 and 5 GHz bands FM systems with 
40 MHz interleaved carrier separation, as shown in Fig.- 



2.6 Circuit Quality Objective 

Circuit quality objectives for the HRDP are as follows: 

(a) Short interruption probability, where bit error 
rate exceeds 10". is less than 0.01 % / 2.500 km. 

(b) Bit error rate is less than lO" 1 / 2.500 km for 
99 % of the time. 

2. 7 System Configuration 

SL-DI system configuration is shown in Fig. 4. The 
antennas and feeders are commonly used with 4 and 6 
GHz bands digital or FM systems by using band splitting 
filters. 

2.8 Noise Budget 

In 4 and 5 GHz band digital radio-relay systems, 
mullipath fading sets a fundamental limitation on sys- 
tem performance, since it causes frequency selective in- 
band amplitude and delay distortion as well as an increase 
in thermal noise and interference noise. So the waveform 
distortion effect, in addition to thermal noise and inter- 
ference noise, should be taken into consideration in the 
noise budget during multipath fading. 

Table 1 shows a typical noise budget for the 5L-D1 
system. 

(1) Noise Budget Assumptions 

— Repeater spacing: 50 km 

- Propagation conditions: plains area •« 

P&f= 50 MH t = 0.99 
Pap Frequency correlation factor in a/ fre- 
quency difference 
of: 50 MHz in case of 50 % roll off 16 QAM 200 
Mb/s spectrum 



No .2 




<§) : Termnal station . 
o : Repealer station 
Figure 2. Hypothetical reference digital path 
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FUure 3. 4/5L-DI radio frequency channel arrangement 
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TA: Transmitting and receiving equipment 
AC: Circuit switching equipment 
AL: Circuit switching control equipment 

Figure 4. 5L-D1 system configuration 



- Transmitting power: 32 dBm 

- Countermeasures for rnultipath fading: 

• space diversity 

• adaptive fading equalizer 

- Fading margin: 20 dB 



Table 1. 5L-DI System Noise Budget 

18.5 dB : Theoretical ideal SNR 
(BER - 10-) 

3 dB : Degradation due to circuit imperfections, 
I temperature variations and aeing 

21JdB 

5 dB : Degradation due to waveform distortion 
I in rnultipath fading 

26.3 dB 

| r- Thermal noise , 42 dB 

: — Cross-polarization adjacent,^ 29.5 dB 

. channel interference 

— Interference from other routes 30 dB 

— Other kinds of interference 43 dB 

(2) Required SNR 

The required SNR is given by adding the equivalent 
SNR degradation caused by circuit imperfections, tem- 
perature variations, aging and waveform distortion to the 



theoretical ideal SNR corresponding to a BER of lfT 4 . 
The required SNR is 26.5 dB, because the equivalent 
SNR degradation^ 8 dB. 
(3) Interference Noise 

Cross-polarization adjacent channel interference 
(SNR VH ) and interferences from other routes (SNR BR ) 
are dominant among various kinds of noises. 

SNRvh is given by the following equation. 
SNRvh = XPD+ IRF 

where 

XPD: cross-polarization discrimination* 1 ) during 

IRF: interference reduction factor 

XPD is 27.5 dB when fading depth is 20 dB. and IRF 
is 2 dB. Therefore, SNRvh <s 29.5 dB. 

Concerning SNR BR , a 30 dB SNR is budgeted. The 
minimum branching angle between the FM system and 
the 5L-D1 system is about 20°. However, higher route 
density can be realized when there is no interference 
from an adjacent FM route, since the minimum branch- 
ing angle between two 5L-D1 systems is about 15°. 
2.9 System Parameters 

The 4/5L-D1 system parameters are determined as 
shown in Tabic 2 on the basis of the above consideration. 
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(b) Amplitude characteristics 
Figures. Multipath fading 



3. Countermeasures Against Multipath Fading* 1 )-* 3 ' 

3. 1 Multipart Fading Occurrence Mechanism 

Figure 5 explains why multipath fading occurs, ac- 
cording to a two-ray model. Since there is no ideal pro- 
pagation path through which only one direct way passes 
to the receiving antenna, there always exist, to some 
extent, rays refracted by an inversion layer formed in 
the atmosphere or/and rays reflected at water or ground 
surface. Those unwanted rays are mixed with the direct 



wave at the receiving point. Usually, the unwanted ray 
levels arc too small to cause a harmful effect, but one of 
them can become so stroma for a very small percentage 1 ' 
of the time, for various reasons, that frequency selective 
fadinc occurs, as shown in Fia. 5(b). This is the so called 
two-ray model. Mixed receiving signal dips at a certain 
frequency where two rays are added in reverse phase. 
The amplitude dip depth is decided by the direct and un- 
wanted waves ratio, or. in other words, by refraction co- 
efficient, reflection coefficient and attenuation to the 
direct wave. 

3.2 Necessity for Multipath Fading Countermeasures 

The frequency selective fading causes severe inter- 
symbol interference, which is a dominant outage factor 
in a digital radio system. 

Since Japan consists of four main islands and many 
small islands surrounded by the sea, there are many over- 
water paths where destructive frequency selective fading 
occurs. 

The 4/5L-D1 systems are designed to be overlaid on 
the existing analog radio-relay networks, therefore effec- 
tive methods to cope with severe fading are indispensable. 

3.3 Minimum In-band Dispersion Space Diversity 

Space diversity is one of the most effective and gen- 
eral countermeasures for fading. Conventional in-phase 
combiner space diversity can maximize the receiving 
power, but cannot adequately reduce the in-band dis- 



I 

3 










ttt| 




|| Control or curt (KAcro-CornputOf) jj 


i 

3 
1 


1 

|-» 




\ © 'V 
©\ / \ 
a/ ®\/ 





Figure 6. New space diversity blookdiaeram and inband 
performance 
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persion caused by frequency selective fading. 

A blockdiagram of the new combiner is shown in Fig. 
6. The microcomputer controls the endless phase shifter 
to cancel unwanted rays received by main and sub anten- 
na, on the basis of the 16 QAM spectrum form deter- 
mined by narrow-filtered levels at three frequencies. 
However, in case the fading depth is larger than the per- 
missible fading margin, the circuit interruption occurs by 
the increase in thermal noise and interference noises, 
even if the amplitude response is flat. So, the endless 
phase shifter is controlled so as to increase the combined 
level in case the combined level is below a pre-determined 
level. Thus, the new space diversity has the same effec- 
tiveness in regard to thermal and interference noises as 
the conventional in-phase combining space diversity. 

3.4 Adaptive Equalizer in Intermediate Frequency 
Band (Fig. 7 J 

The principle of the newly developed adaptive equal- 
izer (IF-EQL) is to produce amplitude and delay frequen- 
cy characteristics inverse to those caused by the selec- 
tive fading by means of a variable resonator whose re- 
sonance frequency (/",) and selective (1/0 are, controlled 
according to the detected frequency and depth of dip. 
The IF-EQL works effectively when the direct wave is 
larger than the unwanted wave, and this is done by the 
space diversity. Therefore, the IF-EQL and space diver- 
sity work synergistically when used together. 

A utainatic Transversal Equalizer in Baseband 

An automatic transversal equalizer in the baseband 




Figure 8. Automatic transversal equalizer blockdiagram 



fJR-EQL) consists of a transversal filter, a control cir- 
cuit and a decision circuit, as shown in Fig. 8. The TR- 
EQL system requires two-dimensional tapped delay lines. 
The principle of the TR-EQL is to control the tap weights 
of the transversal filter so as to maximize the eye open- 
ing. 

The IF-EQL described in 3.4 cannot equalize the dis- 
persion with more than two dips. 

On the other hand, the baseband TR-EQL can theo- 
retically equalize any kind of distortion. If the carrier 
recovery is not established, the information is lost in the 
pulse train after demodulation. In this case. TR-EQL is 
useless, so it should be used together with the IF-EQL. 

3.6 Application nf Three Countermcasures for Multi- 
path Fading 

Considering the respective peculiar features of three 
countermcasures lor multipart, fading, the following ap- 
plication guide line w 3 $ S ot up. 



vol . :24 ( 1082) Jan. ,No. I , rokvo , Japan 



I I ) Soacc Diversity 

Since space diversity is use ml »r thermal and inter- 
•oretKC muses js well as in-band dispersion, its effective- 
ness in improving short interruption probability is large. 
So. .pace diversity is applied to most hops wiiose length 

s over 25 km. However, existing towers do not have 
.•nuueh antenna load support capability to handle :i 

pace JiverM'.y antenna, especially for a iiorn-ieileetor 
antenna whi;!-. :s large and heavy. A small sized off-set 
antenna ("or 4 . 5 and 6 GHz. multihand has been newly 
developed with almost the same loading conditions as 
;he -J niD parabolic antenna. 

(2) Adaptive Equalizer in IF Band 

The IF-EQL is applied to all hops from the viewpoint 
of its cost and its effectiveness. 

[3) Automatic Transversal Equalizer 

The TR'EQL is applied together with two other 
eountermeasures when the propagation condition is very 



severe and the short interruption probability is over the 
objective value, in spite of using space diversity and IF- 
EQL. 

4. Equipment Outline 

4.1 Transmitting timl Receiving i'quipmcnt 

A set including modulator, demodulator, transmitter 
and receiver with space diversity is mounted in an NTT 
standard bay. which is 2.100 mm in height, 520 mm 
in width and 250- mm in depth. Figure 9 shows a block- 
diagram for this equipment. 
(1) Modulator 

Figure 10 shows the modulator blockdiaeram. Four 
series of 50 Mb/s unipolar two-level signals are converted 
to four-level signals two by two in a 2/4 converter. Two 
four-level signals, after their bandwidths are limited by 
the transmitting spectral shaping filters, amplitude- 
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modulates iwo 140 MHz carriers which arc orthogonal. 
Then. Iliey ure combined and sent to the transmitter. A 
modulation phase error loss than 1° and a negligibly 
small modulation non-linearity are realized in order to 
minimize SNR degradation. 
U.) Demodulator 

A demodulator blockdiagram is shown in Fig. 10. The 
IF siunal from the receiver is divided into two signals and 
each in" them is coherent-detected by orthogonal two 
carriers. A selective gated phase-locked loop is developed 
to regenerate stable carrier references from a suppressed 
carrier signal* 4 '. In the 16 QAM carrier recovery, halves 
of the 16 QAM signal points are different from the 4 
PSK signal phase and cause carrier phase jitter. The 
carrier tracking loop for the 16 QAM signal holds only 
the four stable points, and also obtains low phase jitter 
performance. A recovered carrier with over 35 dB SNR 
can be regenerated by this new technique. The values of 
the demodulated signals are detected by the decision cir- 
cuit. If the automatic transversal equalizer is required, 
the decision circuit is replaced by the equalizer including 
a decision.circuit. 

(3) Transmitter 

16 QAM signal, after being converted from inter- 
mediate frequency band to radio frequency band, is am- 
plified in the transmitting power amplifier using GaAs 
FET. Then, it is sent to the antenna through the channel 
branching filter. 

The transmitting power amplifier, the average output 
level of 26 dBm or 32 dBm, works with an 8 dB back-off. 
As a result, equivalent SNR degradation caused by AM- 
AM and AM-PM conversion in the amplifier is less than 
0.1 dB at a BER of 10" 4 . Moreover, the transmitting 
power amplifier output level is kept constant by an auto- 
matic level control circuit. 

(4) Receiver 

Two signals received by a main and a sub antenna are 
amplified by the low noise amplifiers using GaAs FET 
and then converted to the intermediate frequency band 
(140 MHz band) by the common local oscillator. These 
two signals are combined after one of them is phase- 
shifted in the endless phase shifter described in 3.2. The 
combined signal passes through the band pass filter, the 
main IF amplifier and the IF-EQL described in 3.3 and 
then is sent to the demodulator. 

4.2 Circuit Switching Equipment 

The faculties of the circuit switching equipment arc 
insertion of pulses used for frame synchronizing, parity 
check, and supervision and control link, scrambling. 
I«gic conversion, circuit quality supervision and circuit 
witching. 
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XX: Differentially encoded dibiis 

Figure 11. Signal constellation for 4/5L-D1 system 

(1) Pulse Insertion and Scrambling 

In the transmitting side, a 200 Mb/s bipolar signal is 
converted to four series of 50 Mb/s unipolar signals. Ad- 
ditional bits used for frame synchronizing, parity check 
and supervision and controlling are inserted into each 50 
Mb/s pulse stream at the rate of one additional bit to 
125 information bits. 

Scrambling is necessary to make a uniform spectrum, 
independent of modulation signal. This is done by apply- 
ing the exclusive-or procedure to the information signal 
by use of -the 504 bit cycle- 9 stage synchronized feed- 
back register pattern. In the receiving side, inverse func- 
tion is performed. 

Figure 1 1 shows a signal constellation whose features 
are that the first two bits are fixed to the quadrant and 
that rotative orientation and 00 position of the last two 
bits are the same in all four quadrants. 

In 16 QAM system as well as 4 PSK, it is difficult to 
regenerate absolutely the same carrier phase at the re- 
ceiving point. Therefore, the differential code technique 
is applied to the first two bits. Thus, regardless the re- 
covered carrier phase, transmitted signal can be regener- 
ated from the difference, of a successive couple of these 
two bits. On the other hand, the last two bits can be al- 
ways distinguished in any quadrant. Therefore, it is not 
necessary for them to be differentially coded. This fact 
serves to realize good BER characteristics. 
(3) Circuit Quality Supervision and Circuit Switching 

The space diversity system, the adaptive equalizer in 
the IF band and the automatic transversal equalizer in 
the baseband are employed as a countermeasure for fre- 
quency selective fading described in 3. 

In addition to these countermeasures. a frequency 
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Figure 1 2. Circuit switching equipment bloclcdiagram. 



diversity by switching the traffic load on a failed channel 
to a protection channel can be expected to be one of the 
countermeasures for frequency selective fading. However, 
a conventional switching system cannot switch over 
without frame synchronizing loss, because frame syn- 
chronization bits are independently inserted inside of 
transmitting and receiving switcher. A newly developed 
switchover system has a 2 stage switcher, as shown in 
Fig. 12. One is for outage due to propagation and the 
other is for equipment failure. It can perform hitless 
switchover, because frame synchronization pulse cir- 
cuits lor working channels and stand-by channel are 
locked to a master clock generator, and delay adjust cir- 
cuit at a receiving side can control delay time difference 
up to ±50 ns. i.e. ±75 bit between stand-by channel and 
channel to be switched over. 

The key points to realize the hitless switching are as 
follows: 

(1) Short Switching Time 

Concerning the receiving power decreasing velocity in 
severe multipath fading, 100 dB/sec should be taken into 
consideration as a maximum value. This means that the 
BER increases by about ten times in 10 msec. The hitless 
switching system for 4/5L-D1 systems is designed so that 
the switching time, including the BER detecting time, 
the time for transmitting control signals for switching 
and so on. is less than 10 msec. 

(2) No Delay Time Difference between a Working Chan- 
nel and a Protection Channel 

The static delay time difference between a working 
channel and a protection channel due to equipment, 
feeders and so on is adjusted during construction. 

However, there should be no delay time difference. 



even when multipath fading occurs. So, a circuit which 
can adjust varying delay time difference within ±2.5 bits 
automatically is mounted in the circuit switching equip- 
ment, 

4.3 Supervisory and Control Equipment 

The supervisory and control equipment faculties are 
circuit switching control, remote circuit supervision and 
control, remote equipment supervision and control and a 
telephone circuit for maintenance. There are two kinds 
of supervisory and control circuits which transmit the 
signals for these faculties. 

One is the circuit which uses additional bits described 
in 4.2. Its capacity is 396 kb/s. This 396 kb/s link con- 
sists of twelve 32 kb/s channels and is used for transmit- 
ting signals requiring high speed transmission and signals 
transmitted between two terminal stations, such as cir- 
cuit switching control signals, remote circuit supervisory 
and control signals and telephone channels between ter- 
minal stations. 

The other is the circuit which transmits the signals by 
frequency -modulating the transmitter local oscillator sig- 
nal. The 8 kHz bandwidth modulating signal consists of 
six 200 b/s FSK signals, including equipment supervisory 
and control signals, four carriers for route identification 
and one telephone channel among all repeater stations. 
These signals are detected in the demodulator carrier re- 
covery circuit at each repeater station. 

5. Conclusion 

4 and 5 GHz band 200 Mb/s 16 QAM digital radio- 
relay systems (4/5L-DI) have been realized based on 
new technologies, such us 1 6 QAM modulation tech- 
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niqucs. waveform distortion correction techniques and 

,o on. 

NTT is now concentrating its efforts on constructing 
a digital network in order to realize the Information Net- 
work System i INS) where 4/5L-DI systems arc expected 
lo play an important role in economical and rapid con- 
struction of digital transmission routes. 
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Abstract The coding system described in Part 1 allows compatible coding between various image formats ranging from VT 
to HDP and includfng interlaced formats. Interlaced input signals are converted into their -progrcss.ve cqu.valcn before 
SDliitine Compatible coding is based on the so-called Format Independent Splitting (FIS) approach: the same splitting t 
us d whafevrr th input forma, except for interlaced inputs, which do no, undergo the first horizontal sp uung. Temporal 
correlation must be taken into account to obtain good quality images a, bit rates below 1 bi, per pel. Nevertheless he hybnd 
scheme must be designed carefully in order to keep compatibility capabilities and avoid any drtft at the compat.ble decoder 
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I. Introduction. What is compatibility? 

Videotransmission will become a major service 
of the future video communication networks. 
Improvement of network transmission capa- 
bilities—and, particularly, introduction of the 
Broadband Integrated Service Digital Network 
(B-ISDN)— will allow new services such as High 
Definition Television (HDTV), TV to reach cus- 
tomers through optical fiber cables. Compatibility 
between these different applications is thus clearly 
requested [1,3]. Services mentioned before corre- 
spond in fact to a hierarchy of video scanning 
formats and associated bit rates. The hierarchy of 
- standards being considered at the moment includes 

HDP: progressive high definition 

(1250/50/1:1), 

HDI: interlaced high definition 

(1250/50/2:1), 

EDP: progressive enhanced definition 

(625/50/1:1), 



* This work has t 
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— TV: interlaced television 4:2:2 

(625/50/2:1), 

VT: videotelephone format (312/50/1:1). 

The VT format has been added to this hierarchy 
since other video services such as videotelephone, 
video-surveillance, still pictures will be available 
in the B-ISDN environment. It should thus be 
interesting to extend compatibility to this scanning 
format. These services should use the same ter- 
minals as TV or HDTV at least in order to enable 
picture in picture or windowing several sessions 
on the same screen. Note however that the VT 
format is considered here to be temporally sampled 
at 50 Hz instead of 30 Hz as generally admitted. 
This is more or less mandatory to achieve compati- 
bility when temporal predictive coding schemes 
are used. 

Preceding video formats correspond to a 
hierarchy of resolution levels in the three- 
dimensional Fourier space (horizontal frequency, 
vertical frequency and temporal frequency) as 
sketched in Fig. 1. Figure 1(a) describes the 
different resolution levels in the spatial domain, 
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(a) < b > 
Fig. I. (a) Resolution levels in the spatial Fourier space, (b) Resolution levels in the spatio-temporal Fourier space. 



while Fig. 1(b) describes the levels in the spatio- 
temporal domain (progressive format versus inter- 
laced format). 

Now the word compatibility has several mean- 
ings. In general, 'compatible' HDTV means some- 
thing like 'old TV sets will be able to receive the 
new HDTV broadcast programmes without 
modification'. It is a compatible evolution which 
is aimed at in this case. It enables introduction of 
HDTV services on the basis of the existing park 
of TV sets. To a certain extent, this is downward 
compatibility for it implies that TV sets can be 
connected to HDTV sources. The HDTV coding 
standard must therefore be built as an extension 
of an existing standard. This evolutionary 
approach exists in the European HDMAC or 
American ACTV proposals. Extending this idea to 
each format mentioned before, downward com- 
patibility may then be defined as follows: a 
receiver, normally working at some video format, 
must be able to decode and display a signal of 
higher resolution (as for instance a TV set com- 
pared to an EDP transmitted signal). Naturally in 
this case, the receiver will only be able to display 
its own resolution. 

Another idea is service compatibility which 
evokes the idea of interconnection between ser- 

Sigml Processing: Image Communication 



vices rather than time related service introduction 
and does not require that one service appears 
before another one on the market. This service 
compatibility obviously includes downward com- 
patibility but also the so-called upward compatibil- 
ity: any receiver must be able to decode and display 
a signal of lower resolution than its own working 
format. Deciding whether this lower resolution 
signal is to be full screen or only part screen 
displayed, is up to the consumer and is not a coding 
scheme issue anyway. Naturally, some post pro- 
cessing is needed for full screen display. 

Both preceding points may be summarized as 
follows: a compatible coding system is nothing but 
a multiresolution coding system. Thus subband 
splitting approach as described in Part 1 [2] is the 
proper framework for fulfilling compatibility con- 
straints, since the different resolution formats 
naturally appear in the decomposition. Some prob- 
lems may however arise with interlaced formats 
which the decomposition mentioned before 
does not accommodate. They will be tackled 
later on. 

Section 2 deals with possible compatible 
approaches using subband splitting. Section 3 
describes in details a compatible setting with high 
efficiency based on inter-image coding. Finally, 
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Section 4 gives some practical results and conclud- 
ing remarks. 

2. Compatible intra-subliand schemes 

2.1. Compatibility with interlaced formats 

Compatibility between interlaced and progress- 
ive formats requires to be able to extract easily a 
progressive signal from an interlaced one and vice 
versa. Moreover this must be done from a subband 
decomposition of the original signal. Since pro- 
gressive and interlaced formats differ in their 
spatio-temporal spectrum (see Fig. 1), a three- 
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dimensional subband splitting should be used. 
Furthermore, a quincunx decomposition must be 
done in the vertical and temporal frequency plane. 
Such a solution might turn out very difficult 
to realize because of the temporal filtering 
requirement. 

A much simpler solution relies on the following 
assumption: every interlaced signal may be 
equivalently represented by a progressive format. 
An interlaced signal is then first transformed in its 
progressive equivalent before being coded. At the 
decoder side the inverse operation is performed. 
This progressive equivalent signal is defined as 
follows: temporal sampling of progressive formats 




HDI SPECTRUM 



PROGRESSIVE EQUIVALENT SIGNAL 



1250 



\ PROGRESSIVE EQUIVALENT 
SPECTRUM 

Fig. 2. HDI progressive equivalent signal. 
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(i.e. 50 Hz), horizontal resolution of its associated 
interlaced signal (this resolution corresponds in 
fact to that of the progressive format just above in 
the hierarchy) and vertical resolution of the pro- 
gressive format just below in the hierarchy (or 
equivalents half that of the progressive format 
just above). Figure 2 describes the example of the 
HDI progressive equivalent. 

This equivalent signal is obviously well adapted 
to the separable subband decomposition since its 
spectrum naturally appears when splitting in two 
horizontal frequency bands (i.e., filtering along the 
columns of the input image): it corresponds then 
to the low-pass channel. Furthermore, it may be 
easily obtained from its associated interlaced sig- 
nal by a half-pixel phase shift in each odd (or 
even) field. 

Once this equivalent progressive signal has been 
created, it is split as any other progressive signal 
except for the first horizontal decomposition that 
is not made. Thus, the basic separable four-band 
decomposition cell introduced in Part 1 must first 
process the columns of its input image (i.e., first 
split it in two horizontal frequency bands). Recon- 
struction of the original interlaced signal is 
achieved in the "same way. 

In the following, compatibility with interlaced 
signals will no longer be considered for the sake 
of clarity. Only HDP, EDP and VT formats will 
be considered. Extension to HDI and TV is 
obtained thanks to their progressive equivalent 
signal. 

2.2. Compatible coding schemes 

In this section, only intra-schemes are under 
consideration. Inter-image coding will be intro- 
duced later on. Two approaches may be considered 
for the compatible system: 

(1) Format Independent Splitting (FIS system): 
in this case the same splitting and coding 
algorithm is used whatever the input format. 

(2) Format Dependent Splitting (FDS system): 
here, the splitting and coding algorithm is 
adapted to the input image format. 

Signal Processing: Image Communication 



2.2.1. . FIS system 

Whatever the input image resolution, the same 
subband splitting is used. Let us just recall that 
this decomposition is done according to a hierar- 
chical structure and using separable filters, thus 
leading to a quadtree-like splitting of the spectrum. 
Now, to ensure compatibility between the three 
resolution standards mentioned before (this case 
will be referred to as 'three-level compatibility'), 
at least a 7-band split must be used as sketched in 
Fig. 3. In the case of a 'two-level compatibility' a 
4-band split would be enough. Let us also note 
that this 7-band split allows to take into account 
compatibility with the interlaced formats HDI and 
TV, while a 4-band split only answers HDI com- 
patibility. 

In order to fulfil our compatibility constraints 
only independent coding and transmission of the 
groups of bands {1,2,3}, {4} and {5,6,7} is 
required. Besides, decomposition filters must 
obviously be identical at both stages of the tree. 
When looking for compatibility with HDI and TV 
this requirement is slightly more restrictive, since 
groups of bands {1,2}, {3}, {4}, {6} and {5, 7} have 
to be independently coded and transmitted. In fact, 
the coding scheme described later on naturally 
meets this requirement. Groups of bands men- 
tioned before will be referred as 

— {4}: Base-Band (BB), 

— {5,6,7}: Intermediate Frequency Complement 
(IFC), 

— {1,2,3}: High Frequency Complement (HFC). 

f f 



2 j 1 




Fig. 3. 7-band decomposition tree. 
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LC = column low-pass (illering plus decimation ol 1 tow ovet 2 
LI = row low-pass filtering plus decimation of 1 column over 2 
HC.HL = same but high-pass filtering 

Fig. 4. Compatible FIS coder. 



The compatible FIS coder is described in Fig. 4. 
As stated before, this coder is the same whatever 
the input format — except for interlaced formats 
which do not undergo the first horizontal splitting 
(input in A) — ; only the processing speed changes. 
Base Band Coder (BBC), Intermediate Frequency 
Complement Coder (IFCC) and High Frequency 
Complement Coder (HFCC) may represent any 
coding scheme (DCT, DPCM or further band split- 
ting followed by PCM encoding) without prevent- 
ing compatibility. Once coded, each of the three 
parts BB, IFC and HFC is transmitted over the 
channel separated by sync words which allows 
easy retrieval of each of these parts at the decoder 
side. The format of the transmitted signal is added 
to the bit stream. From a hardware point of view, 
this separation makes retrieval of compatible parts 
of the bit stream possible ahead of the decoder 



buffer. This is done by a logic block that routes 
useful parts of the bit stream to its appropriate 
input and discards other bits according to the 
transmitted signal and receiver types. Thus, each 
receiver format has its own decoder. These are 
sketched in Figs. 5-7, and Table 1 describes the 
decoding process in each case. It is worth noting 
that compatible parts of the bit stream do not have 
a fixed bit rate, since the coder regulation block 
only operates on the whole bit stream. 

Furthermore, at the decoder side, for a given 
receiver format, a part of the hardware is not used 
if the transmitted image has a higher resolution. 
However, the hardware runs at the same speed 
regardless of this resolution. This speed is that of 
the associated receiver at the last reconstruction 
stage but decreases towards input stages. Let us 
take for instance the case of the EDP decoder of 
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Table 1 

Compatible decoding 



Transmitted 
signal 



Received 
type 



HDP Decoder 



EDP Decoder 



VT Decoder 



EDP 

(625/50/1:1 



BB, IFC and HFC at inputs 

UB. IlFand I1H 

- HDP IMAGE AT OUTPUT 



BB.IFC, HFC AT INPUTS H* 
- EDP IMAGE AT 
OUTPUT 

(one quarter of the screen) 

BB, IFC. HFC. AT INPUT H* 
-»VT IMAGE AT OUTPUT 
(one sixteenth of the screen) 



BB. IFC AT INPUTS I2B, 121 
(HFC is discarded) 
-EDP IMAGE AT OUTPUT 
(BETTER QUALITY THAN 
IN CASE 2) 

BB. IFC and HFC at inputs 

MB. Ill and IIH 

- EDP IMAGE AT OUTPUT 



BB. IFC. HFC ATINPUTS It* 
- VT IMAGE AT OUTPUT 
(one quarter of the screen) 



BB at input I3B 

(IFC and HFC are discarded) 
~ VT IMAGE AT OUTPUT 
(BETTER QUALITY THAN IN 
CASE 3) 

BB. IFC AT INPUTS I2B, 121 
(HFC is discarded) 
-» VT IMAGE AT OUTPUT 
(BETTER QUALITY THAN IN 
CASE 3) 

BB. IFC and HFC a 
I1B, III ai 
-» VT IMAGE AT OUTPUT 
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LL = inser lion o ( zero columns (I over 2) plus low-pass row interpolation ( HL : i 
LC = insertion o( zero rows (1 over 2) plus low-pass column interpolation ( HC : i 
Fig. 6. Compatible decoder for an EDP receiver. 



hiflh-pass tillering ) 



Fig. 6. Let V represent its processing speed. Then 
the last reconstruction stage runs at the same speed 
V, and the first stage runs at speed V/2. BB and 
IFC decoders of inputs I2B and 121 also run at 
V/2 when used. Finally, BB, IFC and HFC 
decoders of inputs I1B, III and I1H run at speeds 
V/4, V/4 and V/2. 

2.2.2. FDS system 

In this case, subband splitting varies according 
to the image format. Thus, a different coder is 
needed for each image format. To ensure a 'three 
level' compatibility, the HDP coder must be the 
FIS one. Consequently, the EDP coder consists of 
a four band split (bands S\, S 2 , S 3 and 5 4 of the 
FIS coder) followed by associated BB and IFC 
coders. Finally, the VT coder is the BB coder. Since 
videotelephone signals are typically encoded at bit 
rates below 2 Mbit/s, a quite sophisticated coding 



scheme is needed for the BB coder, for instance 
DCT or subband splitting as presented in Part 1. 
Consequently, the HDP encoder becomes too com- 
plex. Moreover, assuming that a DCT based 
scheme is used for VT signals, the same scheme 
must be applied to the encoding of the base-band 
of a HDP signal. As seen in Part.l, if the HDP 
signal is to be encoded with a signal-to-noise ratio 
of, let us say, N dB (typically 40 dB), then its base 
band will have to be coded with a signal-to-noise 
ratio of /V+12dB. Thus, this subimage must be 
coded with a Yery high bit rate. Now, cosine trans- 
form is not efficient enough at such high bit rates. 
Besides, if further subband splitting is used in this 
base band, then very long reconstruction niters will 
be applied to resulting bands. Thus, quantization 
noise of these bands may spread much farther in 
the reconstructed image. Finally, such a system 
implicitly understates that the higher the resolution 
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er 2) plus low-pass to*- interpolation ( HL : idem with high-pass filtering ) 
2) plus low-pass column interpola lion ( HC : idem with high-pass tillering ) 
Fig. 7. Compatible decoder Tor an HDP r< 



of a signal, the more sophisticated the correspond- 
ing coder must be. This line of thought would 
imply a monotonic increasing relationship between 
resolution and correlation which is far from 
obvious. 

Preceding considerations have thus led us not 
to investigate this solution further on. 

3. FIS Coding scheme 

3.2. BB, IFC and HFC coders 

Considering bit rates aimed at (140 Mbit/s for a 
HDP signal, i.e., 0.8 bit per pel approximately for 
the luminance signal), it is clear that the 7-band 
split needed for compatibility purposes, will not 
be efficient enough if direct PCM encoding of these 
bands is used. 

Let us first consider HFC and IFC coders. 

Signal Processing: Image Communication 



Because of the content of corresponding subim- 
ages, a simple coding scheme may be used. 
Nevertheless, direct PCM encoding of the six 
bands 1, 2, 3, 5, 6 and 7 could result in poor 
performance in some bands where some correla- 
tion may remain. Thus some bands have to be 
further split. However, this splitting must remain 
as limited as possible to reduce quantization noise 
spreading at the reconstruction stage all the more 
so as this noise occurs near contours. As stated in 
the first part of this paper, simulations have shown 
that bands 2 and 3 have to be split further down 
(each in four bands) to obtain quite optimal 
decorrelation properties. 

Considering the nature of band 4, a DCT coder 
may be used as BB coder. However, on the one 
hand, it would complicate the overall coding 
scheme and, on the other hand, such a solution 
could not give good results. In fact, as mentioned 
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previously, this subimage has to be encoded with 
a high bit rate (12 dB more in signal-to-noise ratio 
than the whole image) and DCT is not efficient 
enough at such high bit rates. A possible solution 
might be to use predictive coding as for instance 
DPCM which is known to be very efficient at high 
bit rates— noiseless coding may even be obtained. 
Nevertheless, coding errors introduced by such 
scheme are quite annoying, and non-linear quan- 
tizers would have to be designed. Thus further 
splitting of this band has been preferred; it has the 
advantage of keeping the uniformity of the coding 
algorithm while giving good results at high bit 
rates. A 4-band splitting is sufficient since the new 
base band subimage, where some correlation may 
" always remain, is one 64th of the whole image s.ze 
and thus does not account for a large share of the 
total bit rate (even though it has to be encoded 
with 18 dB more than this original image). 

The global decomposition corresponds thus to 
the 'optimal' tree presented in the first part of this 
paper. This tree is recalled in Fig. 8. Let us note 
however that, following the ideas of Section 2.1, 
an interlaced input signal does not undergo the 
first horizontal splitting; thus only bands 2,3,4 
and 9-16 are created for such a signal. Each band 
is then linearly quantized. A quantization step is 
adapted to each subband according to the number 
of times it has been split, which leads to the 
optimum MSE quantization for a given coding 
entropy (any further 4-band split divides quantiz- 



14 16 
~13 15 



_L 



Fig. 8. 'Optimal' decomposition tree. 
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ation step by 2). Variable length coding and run 
length are then used in each quantized band. 
Nevertheless, zero runs are not used in the base 
band where they would be highly inefficient. 
Moreover, weighting among subbands may be used 
to take into account psychovisual characteristics, 
as well as adaptive quantization according to the 
local image content. 

3.2. Inter-image coding 

The intra-scheme described previously is 
unfortunately not efficient enough to obtain good 
visual quality at bit rates below 1 bit per pel. 
Temporal correlation must thus be taken into 
account. However, attention must be paid in the 
design of an inter-image scheme with compatibility 
constraints to avoid any drift at the compatible 
decoder side. 

The proposed hybrid scheme is based on motion 
estimation and compensation. Subband splitting 
turns out to be very interesting in such a context. 
In fact, because geometric properties are kept in 
subband images, motion estimation and com- 
pensation may be performed at the subband level 
as well as at the image level. This comes from the 
fact that the subband signal or a translated signal 
is equal to the translated subband signal of that 
signal. However, translation vector in the subband 
domain have to be scaled down according to the 
subsampling factor. Thus, possible architectures 
of the hybrid scheme are only limited by compati- 
bility constraints. 

In order to fulfil the three-level compatibility 
requirement and to avoid drift problems between 
the coder and compatible decoders, motion com- 
pensation must be done at the subband level; more 
precisely on some input bands of BB, IFC and 
HFC coders or below in the decomposition. 
Nevertheless, when inter-intra choice is taken 
bandwiscly on a block basis, motion compensation 
must be done at the last level of the decomposition 
tree. In fact, if motion compensation is for instance 
applied in the input band of BB coder (band 4 of 
Fig. 3), the compensated subimage will consist of 
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a 'patchwork' of inter- and intra-blocks. Filtering 
of such an image will thus create artificial high 
frequencies at blocks edges. 

Besides, compatibility is met whether motion 
estimation is done at the image level or at the 
subband level. This task is performed for instance 
using a block matching algorithm: considered 
image (original or subband) is divided into NxN 
blocks and one motion vector per block is esti- 
mated and transmitted as side information. These 
motion vectors can be scaled down according to 
the decimation factor for use in each band where 
motion compensation is performed on correspond- 
ing scaled down blocks. Vector downscaling is 
done without loss of accuracy: assuming for inst- 
ance that motion estimation is done at the image 
level with pixel accuracy, motion compensation 
will then be done with half pixel accuracy in band 
1 and so on. A decision between intra- and inter- 
mode is made for each block and for each band. It 
is worth noting that inter mode seems more useful 
in low frequency bands than in high frequency 
bands. An alternative solution is to use a hierar- 
chical motion estimation algorithm. In a first step, 
motion vectors are estimated in the base band; 
their accuracy is then improved by iterative use of 
high frequency information of upper stages in the 
tree. This naturally leads to an efficient differential 
coding of resulting vectors. 



4. Concluding remarks 

An efficient compatible coding algorithm has 
been presented. Compatibility between progressive 
formats is naturally obtained with separable sub- 
band decomposition and may be extended to inter- 
laced formats by use of their progressive equivalent 
signals. Format independent splitting must be used 
to obtain high enough coding efficiency. Consider- 
ing the bit rates aimed at, a hybrid scheme must 
be proposed where motion compensation is perfor- 
med on each band (or only some bands) for com- 
patibility purposes — especially to avoid any drift 
problems at the decoder side. Furthermore, SUb- 
Sijnal ProceMing: /„,„,, Communication 
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band techniques are well suited for bandwise bit 
stream description. This makes it all the easier for 
compatible decoders to retrieve relevant bits from 
the bit stream. More precisely, a decoder looks for 
sync words that tell what band bits belong to and 
that enable to discard irrelevant bands. Thus, each 
decoder runs at the same speed as its correspond- 
ing receiver whatever the resolution of its input 
image. Finally, another interesting property of this 
system is the following: for a given receiver format, 
the higher the resolution of the coded signal, the 
higher the quality of the displayed image- 
assuming that each input signal is encoded with 
the same signal-to-noise ratio. For instance, an 
EDP image obtained from the compatible part of 
an HDP encoded signal will have a better quality 
than the same image directly encoded at the same 
SNR (except for some possible ringing effects 
introduced by the filtering process). This is all the 
more true when weighting between bands is used, 
since low frequency bands are then better encoded. 
This is not so surprising since this compatible 
image is obtained from a higher bit rate. 

This coding schemes gives good image quality 
at 0.8 bit per pel for the original image as well as 
for its compatible parts. Thus it could be used for 
the HDP transmission on a 140 Mbit/s channel, 
for EDP transmission on a 34 Mbit/s channel and 
possibly for VT-sized images on a 4 Mbit/s chan- 
nel. In this last application TV like scenes have 
been assumed, however even lower bit rates can 
be reached with typical videotelephony head and 
shoulder images. 
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Abstract - This paper describes "Constellation-Code 
Division Multiplex" (C-CDM), which has subchannels 
dividing the constellation signal point codewords, the 
subchannel error probability being changeable^ varying 
the distances between signal point codewords in the 
constellation diagram. We call QAM multiplexed by the C- 
CDM method "Shifted Rectangle QAM" (SRQAM). 
SRQAM provides a set of terrestrial digital HDTV 
broadcasting coverage areas with multiple layers of error 
probability. By calculating the error probability, coverage 
areas can be simulated and compared with areas obtained 
for the proposed 32QAM. HDTV area is reduced by 15%, 
but EDTV area is increased by 32%. 



I. iNTRODUCTtON 

Digital HDTV terrestrial broadcasring systems have recently 
been proposed and studied intensively. To realize Digital HDTV 
there are various requirements, which can be roughly classified 
into coexistence with an existing broadcasting system, source 
coding compatibility with receivers having displays of different 
resolutions, and potential extensibility to meet future demand. 
For coexistence with existing broadcasting system; it is most 
important that digital HDTV broadcast have minimal 
interference with existing TV broadcast. To this end, first, the 
transmission power must be lowered; and second, the frequency 
spectrum of the broadcasting signal must be changed to avoid 
interference.Unavoidably, the coverage area will be reduced. As 
well, HDTV programs may not be received in certain districts in 
the fringe area[l]. This is due to the threshold effect, that is, the 
signal deteriorates suddenly when the CNR becomes lower than 
a certain threshold in the digital image transmission system. It is 
important to alleviate the direshold lcvel[2]. For compatibility, 
many papers describe methods of realizing source coding 
compatibility among displays of different resolutions[3]. 
According to these methods. HDTV signals, 'separated into 
various resolution signals by source coding, are transmitted 
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through the ISDN by Time Division Multiplex (TDM). Source 
coding can be used for TV broadcasting, but channel coding 
cannot. 

Recently, some methods have been proposed to mitigate the 
threshold effect. Among them is the system called SS-QAM, in 
which 32-QAM signals arc divided by Frequency Division 
Multiplex (FDM) into two subchannels. Low-resolution TV 
signals are transmitted at high power by the subchannel whose 
frequency is less likely to interfere with existing TV 
broadcasting, and the rest is transmitted at low power by the 
other subchannel[4]. Thus, the system attains two thresholds 
and compatibility with two TV receivers of different 
resolutions. However, since the frequency range is limited, this 
system is not extensible when FDM is used. 

In view of the above, this paper presents a method of realizing 
an extensible multiplex method for channel coding, to divide 
constellation codewords into subchannels. The error rates of 
each subchannel can be changed by varying the distances 
between signal points, i. e., codewords. Thus, each subchannel 
has a different threshold. We call this method "Constellation- 
Code Division Multiplex" (C-CDM), and the rectangle-QAM 
multiplexed by C-CDM "Shifted Rectangle QAM" (SRQAM). 
C-CDM can be independently combined widi TDM or FDM. By 
this means, the number of thresholds can be further increased. 
We call this system "Hybrid SRQAM".Digital HDTV satisfying 
the three-requirements described in the opening paragraph can be 
realized by combining C-CDM channel coding with multi- 
resolution source coding. 

The following reports have been presented concerning C- 
CDM or SRQAM of this kind, from the viewpoint of 
modulation: 

Schreiber proposed QAM with non-uniform levels, [5] 
mentioning a four-subchannel 256-QAM having the same 
constellation as 256-SRQAM. Meanwhile, Uz roughly 
calculated two-layer coverage areas of terrestrial HDTV 
broadcasting by adapting a combination of two resolution source 
coding [3]and channel coding using the same method for 64- 
SRQAM with two subchannels[6]. Although the constellation of 
SRQAM[5] or the roughly calculated coverage area [6] is 
partially shown in previous papers from the viewpoint of 
modulation, the principle of multiplex coding, the process of 
1086 
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Concept of Constellation-Code Division Multiplex : 256-QAM model. 



obtaining results, practical coverage area simulation and other 
important problems, such as carrier reproducing problems, 
which we independently learned of in realizing a practical C- 
CDM system, are not mentioned. 

This paper discloses the principle, the coding method from 
the viewpoint of Multiplex and the process, practically 
compares the coverage area of the Hybrid SRQAM with that of 
the proposed standard QAM system, and points out those 
problems . The principle of C-CDM and subchannel coding in C- 
CDM is described using a SRQAM model first, the distances 
between constellation codewords of subchannel-i being 
uniformly defined by shift factors ^-S, , . The error 
probabilities of subchannels-1 ,-2 of 16-SRQAM and 36- 
SRQAM are then calculated, and part of the practical 
calculation results arc shown. A block diagram of a hierarchical 
broadcasting system using Hybrid SRQAM is also shown. 
Finally, the coverage area of terrestrial broadcast using Hybrid 
36-SRQAM (TDM-combination) is calculated and compared 
with those of 16-QAM and 32-QAM. 
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Tig. 2 Constellation of 16-SRQAM : Shift Factor, Si. 




II. Princeple of Constellation-Code Division Multiplex 

C-CDM is applicable to QAM, PSK, ASK or FSK. In section 
II, the principle of C-CDM and the subchannel coding method 
are described in steps using a QAM model. Fig. 1 shows the 
concept of C-CDM. A 256-QAM Constellation is divided into 
four layers. Layer 1,2,3, and 4 have 4, 1 6, 64, and 256 segments, 
respectively. And 8-bit codewords of 256-QAM are divided by 
2-bit codewords into the four layers. In layer 1 , 2, 3, and 4,these 
2-bit codewords are assigned to 4, 16, 64, and 256segments 
respectively. Thus 256-QAM having four2-bi't subchannels can 
bo realized by C-CDM. Using a 16-QAM model multiplexed by 
C-CDM, we explain subchannel coding in detail. Fig. 2 shows 
the constellation of the SRQAM. In the diagram, the dotted 
circle denotes the signal point of standard 16-QAM, the solid 



.(d) Subchannel 4 

Fig.3 Subchannel Coding of SRQAM : (a) Subchannel-1 (Dl=2bit), 
(b) Subchanncl-2 of 1 6SRQ AM(D2=2bit), (c) Subchanncl-3 of 64SRQAM 
(D3=2bil), (d) Subchanncl-4 of 256SRQAM (D<t=2bit). 

circle the signal point of the 16-SRQAM. Thus, 16-SRQAM 
transmits 4-bit codewords of two subchannels via 2-bit 
subchannel- 1 and 2-bit subchannel-2. As shown in Fig. 3(a), 16 
signal points arc classified into foursquare signal groups located 
in each quadrant, 2-bit codewords of subchannel- 1 being 
assigned to each group forming the four rectangles. Then, as 
shown in Fig. 3(b), the 2-bit codewords of subchanncl-2 are 
assigned to the four signal points in the signal group. By 
repeating these steps, as shown in Fig.3(c)(d). subchannels-3, -4 
can be coded. Wc call these coded signal points or coded signal 
point groups "constellation codewords". 



III. Error Probability Varying Method of C-CDM 

In this section, to define error probability, the distances 
between constellation codewords, which are coded signal points 
or coded signal point groups of subchannel-i, are determined by 
shift factors Si-1. As shown in Fig.2, the signal points, at equal 
distance 2 8 in the standard 16-QAM, are shifted to the region 
forming the rectangle indicated by dotted lines, and the distance 
between signal point groups is extended. In this case, by using 
shift factor Si, the distance between signal point groups after 
shifting may be defined as Si 8 . In thecaseofSi>l, signal point 
group separability is improved, and the error probability of 
subchannel- 1 can be decreased. On the other hand, as shown by 
the dotted lines in Fig.2, the distances between the four signal 
points among the signal point groups in each quadrant are 
decreased from 2 S to (3-Si) 8 . Therefore, the error probability 
of subchannel-2 is increased. As shown in Fig. 5. the three- 
subchannel 64-SRQAM constellation is expressed by shift 
factors Si and S2. Likewise, the SRQAM of the 36-QAM 
extension is defined as shown in Fig.6. Assigning the codewords 
of subchannel-2 to nine signal points , 3 bits and 1/8 bit are 
obtained, as shown in Fig. 7. Therefore, in the case of the 
SRQAM of the 36-QAM extension, the distance between 
constellation codewords is determined by shift factor Si alone. 
Thus the distances of the constellation codewords of 
subchannel-i are determined by shift factors Si~Si-i. 

By varying shift factors Si-Si-i, the distances between the 
constellation codewords of subchannel-i, in other words the 
threshold of subchannel-i, can be changed. Thus, the 
hierarchical structure shown in Fig. 3 is realized . The solid line 
in Fig. 3 denotes the hierarchical structure by subchannels of 
SRQAM. The data transmitted by subchannel- i is called Di. 

As shown in Fig.4, by combining Constellation-Code 
Division Multiplex and other multiplex methods such as TDM 
or FDM , the number of thresholds can be increased. The dotted 
line indicates a hierarchical structure combining C-CDM and 
TDM or FDM. We call this "Hybrid SRQAM". Sub-subchannel 
i-j is time or frequency division of subchannel-i. Here an error 
correction method differing in coding gain is used in each sub- 
subchannel i-j, Di-j . 



IV. Error Probability Calculation of SRQAM 

First, the error probability of 16SRQAM is determined. As 
shown in Fig. 2, supposing the distance between signal points in 
standard 16-QAM to be 2 S , the distance between signal point 
groups after shifting can be expressed as 2Si 8 Therefore, the 
error probability (Pe) of subchanncl-1 is calculated from the 
formula of Pe of 16-SRQA.M: 
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Fig.4 Layer Structure of a Hybrid SRQAM. 
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Fig.5 Constellation of 64-SRQAM : Shift Factor, Si. S2. 
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Fig.6 Constellation of 36-SRQAM. 



the error probability of subchanncl-2 is similarly 

• Since the amplitude is , 4Td average power C may t 
defined as 

hence it follows that 



(4) 



where /> =C/N. 

Putting equation (7) into equations (1), (2) yields the error 
probability Pcl-16 of subchannel-1 as 



and the error probability Pc2-16 of subchannel 2 as 



^ T crfc ( 2 "Sfc- /7 )- 



(5) 



(6) 



The curves in Fig.8 denote the calculation result of CNR vs 
the error probability of 16-QAM. Likewise.the 36-QAM error 
rate having two subchannels, is obtained as follows: 





o.oo 10.00 20.00 30 

CNR (dB) 

Fig. 8 CNR vs. Error Probability of a 16-SRQAM : Parameter, 
' • Shift Factor, Sl=1.2,lJ, 1.8. 



(d) Subchannel 4 

Fig. 7 Subchannel Coding of the SRQAM (36-QAM cxtention): 
(a)Subchannel-l (Di=2bit), (b) Subchanncl-2 of36SRQAM(D2=3bu+l/ 
8bit), (c) Subchanncl-3 of 144SRQAM (D3=2bit). (d) Subchanncl-4 of 
576SRQAM (D*=2 bit). !0g9 
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Fig. 9 CHR vs Error Probability of a 36-SRQAM : Parameter, 
Shift Factor. St=1.5. 2.0. 2.5. 



Error rate Pei-36 of subchannel- 1 is 



VSi 2 +2Si+25 
and error rate PC2-3G of subchanneI-2 is 



- erfc 



•YSi 2 +2Si+25 



(8) 



In the case of 64-SRQAM with three subchannels, the error 
probability may be expressed using S , S ', Si, S 2, as shown in 
Fig. 5, 

In this case, the error rate is similarly determined. For 
example, the error probability of subchannel-3, Pc3-64 is 



1 ( < 
Pe3-64= —erfc \ - 



12 f 2 < 



-)• 



(10) 
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The curves in Fig. 9 denote the calculation result of CNR vs 
Pe of 36-SRQAM. Fig. 10. a modification of Fig. 8, shows the 
relation between CNR and St. By varying Si, the CNR threshold, 
of each subchannel can be set at an arbitrary value in a specific 
range. Therefore, by applying SRQAM in broadcasting or 
nonbroadcasting systems, the transfer rate can be changed 
adaptively, depending on transmission conditions between the 
transmitter and multiple receivers. 



V. Hierarchical Broadcasting System using Hybrid SRQAM 

Fig. 11 is a block diagram of an entire transmission and hoi 
reception system of TV broadcasting, using Hybrid SRQAM 
with two subchannels obtained by C-CDM and one sub- 
subchannel obtained by TDM. 

First, the HDTV signal is separated into signals Dl-1, Dl-2, 
D2 of different resolutions [3] . In Hybrid SRQAM, the error 
correction coding gain of sub-subchannel l-l is higher than that 
of sub-subchannel 1-2. In the HDTV receiver, depending on the 
transmission status, three kinds of image, HDTV, EDTV and 
low-grade SDTV, are obtained. As shown in Fig. 12, the 
transmission capacity of 36-QAM is 25% greater than that of 16- 
QAM. By making use of this advantage, a different SDTV \ 
program, rather than an HDTV program, may also be 
transmitted. 

By the addition of a simple circuit, indicating by dotted lines 
in Fig.l I, The same program can be received with an analog TV. 
There are some problems such as carrier reproducing problems 
to realize the SDTV receiver. In the case of a TV receiver or 
personal computer conforming to the multimedia standard 
(MPEG 1(7]), the decoder can be shared. In future, extended 
HDTV broadcasting of 35 or 45 Mbps bit rate can be realized 
while maintaining compatibility with standard digital HDTV 
receivers. 
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Fig. 10 Shift Factor Si vs CNR of 36-SRQAM : 
Error ProbabUity, Pe=10- ,J .l(r 1 . 10" 3 . 




Fig. 1 1 Hierachical Broadcasting System with 
Hybrid 36-SRQAM. 
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Fig. 12 Performance of Hybrid SRQAM. 



VI. analysis of Coverage area by Hyhrid SRQAM 

The coverage area of Uie SRQAM is discussed. The curve in 
I'ig. 13 shows field strength vs distance from a transmitting 
antenna 1200 ft high (8). The coverage area of an HDTV 
broadcasting system using the 16-QAM [9], 32-QAM [10] 
mentioned above are compared with the coverage area of our 
proposal. As shown in Fig. 14, the coverage areas of the 
proposed 16-QAM or 32-QAM systems are 52 miles and 56 
miles in radius, rcspectively[10]. The coverage area of the 
SRQAM comprises two layers: an HDTV area of 20 Mbps bit 



rate, and an EDTV area of 8 Mbps bit rate; the Hybrid SRQAM 
has three layers, with an additional low-grade SDT V area of 1 . 1 5 
Mbps bit rate. To compare lite coverage area of SRQAM with 
that of the system described in [10], the threshold of the error rate 
necessary for the SRQAM is set at 10". Assuming first that shift 
factor Si is 1.8, the CNR threshold of subchannel- 1 and 
subchannel-2 is determined from Fig. 8; the coverage area radius 
of HDTV and EDTV arc 47.8 miles and 59.8 miles, respectively. 
When the error correction coding gain of sub-subchannel-1-1 at 
Pe = 10 '- 7 is set at 5 dB, the coverage area radius of low-grade 
SDTV is 65.8 miles, as shown in Fig. 14. Fig. 15 uses Si=2.5. 



SRQAM(Si=l.8) 

5UB C/N 36-SRQAM(Dii) 65.8milcs (Hybrid SRQAM) 
lOdnON 36-SRQAM(Di.j) 59.8milcs 
2WBC/N 36-SRQAM(Di) -t7.8milei 




rig imenni (miles) 

Fig. 13 Field Strength Curve (dBuV/m) 
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Distance from transmitting antenna [miles] *: Refer [10] P.57 

* * : approximately calculated 
Coverage Area Comparison of Standard QAM and Hybrid SRQAM (Sl=1.8). 
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12.5dBC/N 16-QAM 56 
16.5dnC/N 36-QAM 52mi 



SRQAM(S=2.5) 
.2.5dnC/N 36-SRQAM(Dii) 70.4mi 
36-SRQAM(Dl.j> 6Z.8mi 
36-SRQAM(DO ■ 



(Hybrid SRQAM) 
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Fig. 15 Coverage Area Comparison of Standard QAM and Hybrid SRQAM (Sl=2.5). 
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Fig. 16 Transfer Rate v: 



:aof Hybrid SRQAM 



(2.5), Hybrid SRQAM uses C-CDM with TDM. 



Thus, as shown in Fig. 16, by using 36-SRQAM, the HDTV 
coverage area is decreased by 15.4%(29.0%), as compared with 
the 36-QAM(16-QAM) , but the reception area of EDTV is 
increased by 32.2%(10.8%). In the fringe area interfered with by 
analog TV broadcasting, the EDTV area increases as compared 
with the conventional method. Using the Hybrid SRQAM, low- 
grade SDTV (LDTV) area increases by 60. 1%(34.2%). Thus, in 
SRQAM, the value of shift factor Si can be selected depending 
on the circumference, and the service areas of HDTV and EDTV 
can be set. Hybrid SRQAM, which uses the C-CDM method in 
combination with such FDM medhods as SS-QAM [4], can 
further extend the coverage area. As well, the new low-grade 
SDTV service can be applied to mobile TV, pocket TV, or 
multimedia personal computer. 

VII. Conclusions 

The proposal of "Constellation Code Division Multiplex"(C- 
CDM) and "Shifted Rectangle QAM"(SRQAM), a modified 
QAM Multiplexed by C-CDM, makes multi-threshold channel 
coding possible. By combining C-CDM with TDM or FDM, 
basis of the results, the terrestrial broadcasting coverage area of 
Hybrid 36-SRQAM with two subchannels obtained by C-CDM 
and one sub-subchannel obtained by TDM and standard QAM 
can be simulated. As compared with the system described in 
[10] , the area of EDTV is extended by 32.2%(10.8%). On the 
other hand> the HDTV area is decreased by 15.4%(29.0%). By 
combining C-CDM with TDM, the area of low-grade SDTV is 
extended by 60.1%(34.2%). Hybrid SRQAM expands the 
practical coverage area of terrestrial broadcasting, and is capable 
of presenting programs to latent receivers having displays of 
various resolutions. 
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A Performance Study of NLA 64^tate QAM 
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Mfaw—Th. performance of a mediation technique which is both 

ula "or imperfections in .he power !.>«. combiniag on .h. P. perform- 
ance are evaluated. 

I INTRODUCTION * 
For reasons known only too well by all digital I ■£« 
designers higher bandwidth and/or power-efficient 
Studied by many companies throughout the ,« ^Tta 
D3 „ cr Dresen ts performance results of a 64-state yAAl moau 
d radio ZL. Nonlinear* am ^ ^ 
amplitude modulation (NLA 64-state QAM) » a new tech 
ruque developed for high-bandwidth and power-efficient radio 

^Tb^aUgram of the NLA 64-state QAM mode, is 
A oiocK QAM. as its name implies, per- 

lated signals are unfUtered prior to the nonlinear amph hen. so 
they each contain only one power level and as such a unjT- 
fected by the AM/ AM and AM/PM conversion ^-ractenst.cs 
of the nonlinear amplifiers. Hence, the J, ° f _ 
NLA 64-state QAM is identical to that of 64-state QAM assum- 
ing equivalent filters are used CI - The modulator employs a 
parallel modulation technique wherein Q™C modu .ton I. -. 
and 3 operate in paraUel. The modulated QPSkl signal is 
addend to the QPSK2 and QPSK3 signals which are 6 dB and 1- 
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dB below the QPSKPs signal power level. The signal vectors 
for each of the three QPSK modulators are depicted in Fig. 
2(b)-(d) with the resulting 64-state s.gnal constellatton d,a- 

^We 1 begin^y describing the simulation mode, used in deter- 
mining h performance results. This is followed In the next 
section by performance predictions of 64-state QAM with 
moduUtor imperfections. The probability of error (?,) versus 
^r,e to noTse (C/:V) performance resulting from improper 
comb r^tng of the QPSK modulators, which are the budding . 
btocJ of t£e 64-state modulator, is given. Furthermore, the 
fects of group delay and amplitude = 

di.in. "lectiye £31. 141. I" 11^ P»Pf "° "°< 
address lie polentially .eriou. rou.ee, of 
carter .nd clock recovery rubayrlems because we feel that, 
T„ Z » proe-e. .« properly denned. Ih.y cou.nbu.e 
no signifies! desradalion to performance. 

II COMPUTER SIMULATION DESCRIPTION 

r^HrSdV^Ser^^^M 

on the input-output backoff relationship, with the mean 
P °;;7ua: s a mU d and receive filters are square root of praised- 
CM ine a - 0 4 filters with and without */sin * equalization, re- 
p t vdy . The filtering process is performed using fast Foune 
spetLi ~ comp iex baseband signal is trans- 

transfer function, and then transformed bade to the time 

d ° To n simulate the effects of group delay and amplitude im- 
oaixments group delay and amplitude characteristics of al- 
most any form -flat, parabolic, or sinusoidal-can be specified. 
The effects of imperfect modulator power level adjustments 
are simulated by varying the weighting of any one of the sig- 
nals in the weighted summer. ■ he 

Noise is added at the receiver input, and in the « te,v «* 1 
demodulated I and Q signals are sampled " J^. 
old comparators. A. the input to the »mpter the 
data are synchronized to compensate lor any dcla> or phase 
slult Kcon.pai.ying the data. The average signal power < : tfu 
output or the pos.detection LPF is computed. 
svmbol the ampUtude at the sampling instant relative to its 
decision threshold is determ.ned. For a specified power o. 
Gaussian noise at the detector input, the individual symbol r. 
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Fig. 1. NLA 6443AM model block diagram. 

is calculated as follows: 

/\S,- THR\ f \)\ 
if the ith transmitted symbol is ± 75 



(\~S t -THR\,\ \ 

{THR2 ( -S,\ V 

+ 1 ' 2erfc V"v^T" ) 



h transmitted symbol is ±5fl. ±3B. ±5 



symbol's voltage levels (see Fig. 2). 
erfc (x) is the complementary error function 
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" r««v «» "»•»"«*' """""" 

voltage level plus B. 
The average of these />„s over the total transmitted symbol «■ 
I«n« for each component part is summed to give the ^, to. 
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lion imperfections. 



the simulated system. This average * ^c^'r 

me ratio of the average signal power to the rms noise P 
specified at the detector input. 
IB . MODULATOR IMPERFECTIONS IN 64-STATE QAN1 

?„ addition. amplifiers are subject «oo«tpu pow« va 

at the received input is shown in Fig. 4 Tor various 

•„ Pi. 4 rcDresent the situation in which 
The solid curves ,n F«. J de of each S3tn pled sig- 
the ? t is determined J ^ thr « hol ds. In these 

nal relative to its convention aiue bound3rics for 

caseS the decision thresho ds ~* ^ _ (Lc ,. 0 . 

iV^^oa 8 " he V; r presents the conventional spacing 
oUhe ^na^ The dashed -.P^Jc — 

d eWer eye diagram which could bo expected with a 

-if ;v^r;; r o^ f er«nc ■««**. ^ 

based on the following observations. One notes that a power 

BNSDOCID: <XP 7S8653A_L» 



, , of the largest signal (amplified QPSK1 signal) 
level variation ot tne largcii >!»• \ r „ , r wy 

jU$ FrVmThese resuS 'it may be concluded that the proper ad- 

,„ ft. disunion of Ih. SP«=. °»= "!",,> i, J JB . 
Woe .»« imr.a«d fir" modulator f'^«° 
An mcr«a». in PI eff.ai«lV op.ns in. doMnc. b.l»«n m. 
5 gnjl levels lucent to the ^ 
the sujnal state space diagram. The penalty paid in 
is an increase in the transmitted power and. hence, a higher 

CAV TnT~^UaUo« infers that for a sound system de 
siE n a knowledge of the amplifiers that are to be used n 
Vvucm and an optimization of their placement is required. 



lV 64-STATE QAM WITH CROUP DELAY DISTORTIONS 
To assess the effects of selective fading and/or "f**"™ 
hardware imperfections, computer simulation results are prv 
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tec hmque to group , del V ivalcnt baseb and model as 

shown in Fig. 3 for a f ractical bit rate. How- 

90 Mbits/s is used as an »« P e o , , ^ m 
ever , wilh -o««l-«»- ^^/that the'lpUtude distor- 

lin«r. group delay arc limited to 

wKe7ete numbed perU of the sinusoid within 
the fUter bandwidth is four. j g represents the 

I„ the case of linear group where B 

deuysiopeinnanos^ 

in the rater bandwidth, the degradation of C/N is on tn 
of 2.5 dB for a P t of 10" . ^ nanosec- 

For a parabolic group delay, the group d xi y 

7. for the maximum parabolic group a« y 

toid in the filter bandwidth, and 2/> is the ™er bandwid th 
Fig. 7 depicts the case in which K is equal to 4 and C u vaned 
from 0 ns to 24 ns. From this figure, for the case in which C 
b equal to 12 ns. the degradation of C//V for a o »> . 
on the order of 1 .5 dB. Although the results are no "hownfor 
the cases in which K was increased, the degradation to C/N. 
for a given value of C and P e . decreased. havine 
To compare the relative performance of the system ha ng 
the three different group delay characteristics, he deg»dat.on 
to C/.V as a function of a maximum group delay in the W t« 
bandwidth and relative to the case with no distortion for a 
/>, of ID"* are shown in Fig. 8. We note that for a i Given value 
of max.mum group delay in <he fUter bandwidth. 
delay caused the most severe degradation to the system i per 
formance as compared to paraboUc or sinusoidal group delay 
du.ort.ons. This would indicate that a 64-state QAM system 
tike a OPSK system (5] is most sensitive to group delay w.th 

V. 64-S1 ATE QAM WITH AMPLITUDE DISTORTIONS 
The />, versus averse C/N performance was computed for 
vr.r-.ous characteristics and values of amplitude distortion. Thu 
Mmulation is based on the same baseband model and system a, 
described in Section IV. the one exception being that lor Ull - SL 
results, the group delay distortion accompanying selective J • 
inn it assumed to bo equalised. The results are shown in Fi«. 
lor Imcar. parabolic, and sinusoidal group delay, respectively. 
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•a u i« »»«»•** 

C/N in dB 

Fig 7 P. versus C/.V for Unear. parabolic. »« d . si "^ ) grOUP 
*' delay distortions f in the double-sided Nyquist bandwxlth). 




Fie 8 Degradation of C/.V for linear, parabolic, and sinusoidal *rv>up 
g d!iay distortions. A..re-For a 90 Mb.l/s *> s.em w.tha » 0.4 rais.d 
cosine fillers. 

T p/ ) = 8x 21 ns (linear) 

' -Sx 10.5 X 10.5 ns (parabolic) 
»Cns I sinusoidal). 

see, 7pTr:r«rrr:«:^ ... — «■ 
i ^sr«£ a « P iM ^«-«^- * 

,„p,,,udc slope in a«/M.U. and ^^^^^ -^o^o,: 

^ n .;,rt s i:L. «« ^0^ ^ ^ 

performance dc»r For a specific example, insider the 

case in which Z e.,...,| s 0.152 JO'/MHi. When there is no a.npli- 
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/-/*/« fnr linear parabolic, and sinusoidal amplitude 
** % ^S^inSld^.e^dNy^u.tbandwidth). 

th« C/N in a double-sided Nyquist bandwidth 
bandwidth, the resulting degradation of C7/V for a 

Itaf the degradation shown is of C/A" in the double-side* 
Nyqu st bandwidth for a />, of 10"* relative to the case with no 
^Hmde distortion For a given value of maximum amplitude 
SSn t he fUtef bandwidth. linear amplitude distort^ 
causes the least degradation. foUowed in order of increasing 
degradation by parabolic and sinusoidal. , - 

Thes results combined with the results of the preceding 
section on the effects of group delay distortion. P"^"" £ 
dication of the effects of frequency »'~V W ™ £ 
state QAM. Although these results indicate significant degrada 
lion would accompany frequency selective tades. adaptive 
equalization techniques could considerably improve a system s 
performance during such fades. 

VI. SUMMARY 
The design and evaluation of our NLA 64-state QAM mo- 
dem demonstrate that the effect of powe, ,Uvd 

m oH..laior can be easily reduced by chansinit the re- 
i2i - - on'hre^lds. Th^ study of the effects of chan- 
-ncrWtive fading) and hardware unperfcctions including 



cosine filters. 

- D dB (sinusoidal). 
, a „„„ D delay distortions on the P t performance 

s-^scs, — . — — 

niques will be required. 
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A Proposal of a Carrier Digital Transmission System Using 
Multi-Level APSK 

Authors: Hideki ISHIO, Kohichi AOYAMA, Morihiro INOKUCHI, Seizo 
SEKI , 

The Yokosuka Electrical Communication Laboratory, N.T.T. 
1. Introduction 

In recent years, as information signals such as image 
transmission signals and data transmission signals are 
increasingly diversified, the carrier digital transmission 
technique is becoming one of the most significant ones. It is 
expected that this technique is further developed and expanded. 
Here in Japan, starting at 25-P1 System using 2GH Z band, some 
digital transmission systems have been put to practical use so 
far. In addition, it is often seen that a quasi-millimeter wave 
spatial transmission system ( 20G-400M) (1> which is a mass storage 
digital transmission system and a millimeter wave waveguide 
transmission system (W-40G) (2) have been put to practical use. 
In these circumstances, it may be said that the carrier digital 
transmission system will remain one of the important techniques 
in the future. 

Meanwhile, it is considered to be necessary to improve 
the multiplexing of spatial transmission systems , including the 
microwave transmission system and the quasi-millimeter wave 
transmission system, per carrier with a view to effectively 
using allotted frequency bands. This is probably a desirable 
direction for closed spatial transmission systems such as a 
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waveguide transmission system with a view to realizing improved 
cost-effectiveness, as well. 

As for various types of carrier digital transmission 
systems some of which have been already put to practical use 
and some under development , a search was conducted for the status 
of the progress of realization of multiphase and multi-level 
system, which result is shown in Table 1. As can be seen from 
Table 1 , most of the current systems adopt a four-phase PSK 
system. Even with the maximum multi-phase or multi-level 
system, the number of phases or levels does not exceed eight, 
i.e. , the number of the eight-phase PSK or 8-level VSB . It is 
considered that the reason is mainly as follows. 

In the carrier transmission system, if more information 
are transmitted using an allotted frequency band to be used in 
the ordinary carrier digital transmission, there may be two 
directions to take; one is to further restrict a transmission 
band to thereby arrange as many carrier frequencies as possible 
and the other is to conduct multi-phase or multi-level 
transmission to thereby increase the amount of information 
which can be transmitted through carriers. As one criterion 
for judging which direction is beneficial to take in what way, 
a graph shown in FIG. 1 can be made.' 21 

For example, if more information are transmitted in a 
restricted transmission band, four-phase synchronous detection 
PSK transmission is advantageous over two-phase synchronous 
detection PSK with a restricted band while reference 
transmission capacity is not less than 0.64 on the horizontal 




axis ( reference transmission capacity ) . At not more than 0 . 93 , 
eight-phase synchronous detection is advantageous over two- 
phase synchronous detection- However, if comparison is made 
between the four-phase synchronous detection and the eight- 
phase synchronizing detection, the former is always 
advantageous over the latter. This fact demonstrates that 
multi-phase detection is not necessarily advantageous for the 
transmission of much information in an allotted transmission 
band. The reason is, it is considered, as the number of phases 
increases, phase planes are used less efficiently. 

To solve the above problem, a so-called APSK system which 
is a combination of amplitude modulation (ASK) and phase 
modulation (PSK) was proposed in the 1960s by Cahn, Hancock and 
Lucky et al. The later studies showed that the APSK system has 
a lower required C/N (Carrier to Noise Ratio ) than that of either 
PSK or ASK if used solely (6,(7) . Nevertheless, since the APSK 
system requires quite complicated demodulation, it has not been 
put to practical use so often and limited to the range of 
theoretical interest. Recently, however, a trial device 
employing the eight-phase, two-level APSK system, though low 
speed, has been reported <8) and also consideration has been 
gradually given to the APSK in the US in light of the effective 
use of satellite communication frequency ( ". Having said that, 
it is true that the demodulation and modulation methods of the 
APSK are quite complicates and it is still difficult to apply 
it to ordinary high-speed digital transmission systems without 
making any change. 
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The present document is to propose a new concept of 
super imposition modulation and to describe that an APSK modem 
circuit with simpler circuit arrangement than that of the 
conventional system can be realized by conducting part of the 
demodulation operation in the carrier band. 

Further, since the modem circuit utilizing this concept 
can be realized without the need to greatly change the currently 
obtained combination of the 800 Mb/s four-phase PSK modulation 
and demodulation technique and the code conversion circuit 
technique for W-4 0G system, it can be widely applied to ordinary 
high-speed carrier digital transmission systems. 

2 . Comparison of APSK Systems 

While various type of APSK systems have been 
conventionally proposed, comparison will be made in this 
document to some typical ones as well as the ASK and PSK systems . 

FIGS. 2(a) to 2(e) show typical examples of multi-level 
modulation, where FIG. 2(a) shows amplitude modulation, FIG. 
2(b) phase modulation, FIG. 2(c) amplitude and phase modulation 
(Circular Type) and FIG. 2(d) quadrature multi-level modulation . 
Also, FIG. 2(e) shows the arrangement of signals which require 
the lowest C/N in case of transmitting the same amount of 
information. Further, FIG. 2(f) shows a new system capable of 
obtaining a modulation vector arrangement almost akin to that 
shown in FIG. 2(e) by using a super impos it ion modulation which 
will be described later. 

FIG. 3 shows the relationship between the length d 
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(distance to an identification level) which is half the distance 
between signals and the number of transmission levels while 
assuming that the maximum amplitude is 1 for the respective 
modulation systems . The horizontal axis indicates the number 
of transmission levels. The vertical axis indicates C/N 
deterioration compared with the two-phase synchronous 
detection system. 

Judging from FIG. 3, the APSK systems in FIGS. 2(e) and 
2(f) have the lowest C/N required for obtaining the same code 
error rate . The figures also indicate that the phase modulation 
system shown in FIG. 3 (b) in which the number of phases is simply 
increased, is disadvantageous over the remaining systems. On 
the other hand, if the super imposition modulation concept to 
be described later is employed, not only the APSK system shown 
in FIG. 2(f) but also the quadrature multi-level modulation 
system shown in FIG. 2(d) and the like can be easily realized. 
It is, therefore, believed that use of this concept provides 
quite advantageous modulation methods. 

3. Principle of Super imposition Modulation 

This section shows a multi-level demodulation system 
referred to as " super imposition modulation" to which the 
currently obtained 800Mb/s four-phase modulation and 
demodulation technique and the code conversion circuit 
technique can be applied without greatly changing them and which 
can be realized by means of the current techniques. 

For brevity's sake, description will be given while 
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taking 16-level -transmission as an example. In the modulation 
circuit shown in, for example, FIG. 4 , if a four-phase modulation 
circuit I is driven by two information sequences 1 and 2, a 
modulation vector shown in FIG. 5(a) is obtained, which will 
be referred to as a first path signal. Next, a modulation signal 
(which is shown in FIG. 5(b) and will be referred to as a second 
path signal) obtained by driving a four-phase modulation 
circuit II by two information sequences 3 and 4 is superimposed 
on each other at an appropriate amplitude and phase. Then, 16 
modulation signal vectors are obtained as shown in FIG. 5(c). 

Further, although the same result can be obtained by 
connecting four-phase modulation circuits in series as shown 
in FIG . 4(ii) , the arrangement of FIG. 4(i) is advantageous over 
that of FIG. 4(ii) in waveform distortion. 

Next, a modulation method will be described. The 
concrete arrangement of a demodulation circuit for the 
above-stated APSK signal is show in FIG. 6. In FIG. 6, an area 
surrounded by a dotted line is the same in arrangement as a 
circuit referred to as a re-modulation comparison type carrier 
extraction circuit. When this circuit receives an APSK signal 
shown in FIG. 5(c), the amplitude and phase of the first path 
modulation wave is oscillated by the second path modulation wave 
(that is, it is considered that the second path modulation wave 
functions as a kind of an interference signal with respect to 
the first path modulation wave). However, since an area in 
which four-phase modulation waves can be identified still 
remains, the demodulation circuit shown in FIG. 6 can conduct 
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four-phase synchronous detection modulation to the first path 
signal. As a result, the digital information sequences 1 and 
2 shown in FIG. 4 are fetched as regenerated outputs at the output 
terminals 11 and 12 of an identification and regeneration 
circuit. Then, if the output of a re-modulator is forked and 
the re-modulator output signal is subtracted in a vector fashion 
from a reception signal by a subtraction circuit consisting of, 
for example, hybrids and the like, the second path signal can 
be obtained as is obvious from FIGS. 5(a), (b) and (c). 
Therefore, if the second path signal is demodulated by a 
four-phase demodulation circuit, the digital information 
sequences 3 and 4 shown in FIG. 4 can be obtained at terminals 
13 and 14. In addition, if the re-modulator output signal is 
multiplied by the reception signal instead of subtracting the 
re-modulator output signal from the reception signal, the 
digital information sequences 3 and 4 shown in FIG. 4 can be 
also obtained and the same advantage is expected. 

As can be seen, use of the concept of superimposition 
modulation has advantages in that it is possible to conduct 
multi-level modulation and demodulation with the techniques 
which have been conventionally established and that a special 
logical arithmetic circuit for multi-level modulation and 
demodulation is not required. Moreover, as shown in FIG. 7, 
even if the carrier frequency of the first path and that of the 
second path differ from each other and the information 
transmission speeds of the four information sequences are 
independent of one another and asynchronous with one another, 
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it is advantageously possible to demodulate the first path 
signal and the second path signal independently of each other. 
Thus, it is possible to constitute a flexible transmission 
system. 

FIG. 5(d) shows conceptual signal vectors in a case where 
the first path carrier signal and the second path carrier signal 
are asynchronous with each other and have arbitrary different 
levels . 

We have proposed thus far a new modulation and 
demodulation system which utilizes a combination of existing 
techniques without the need to greatly change them and to develop 
a new circuit, and also described its operational principle. 
As can be seen from the above, it appears that there is a large 
potential that this modulation and demodulation system can be 
ordinarily expanded to 16 or more-level transmission systems. 

4. Potential Realization of Multi-level Modem Circuit by 

Means of Superimposition Modulation 

As described in Section 3, if the concept of 
superimposition modulation is used in combination with the 
techniques already established, it is possible to realize a 
multi-level modulation and demodulation system. Besides , this 
system has an advantage in that a special logical arithmetic 
circuit is not required to deal with the increased number of 
levels. Nevertheless, this system conducts the modulation of 
multi-level as many as 16 levels. Due to this, it is still 
necessary to strictly restrict the characteristics of the 



respective constituent circuits. According to this system, in 
particular, it is considered that the multi-level modem circuit 
cannot be realized without the support of a technique for 
accurately controlling the phases and amplitudes of modulation 
waves and modulation and demodulation reference carriers. We 
have studied a high-speed PSK modem circuit for the millimeter 
wave waveguide transmission system (W-40G system). The main 
technical features of the circuit are considered as follows 110 '. 
(i) using a ring modulator obtained by newly developing a 
high-speed multi-phase modulation system referred to as a 400MB 
four-phase PSK, a technique for generating a modulation wave 
having quite excellent characteristics of a modulation angle 
error of ± 1.5 ° or less and a modulation to amplitude 
deviation of 0.2 dB was established. Also, by selecting a 
double balanced type ring modulator as a modulator, it was 
possible to suppress pulse width variations and waveform 
distortions generated at the time of conducting high-speed 
modulation to be small. 

(ii) A re-modulation comparison type carrier extraction 
circuit considered to be apt for high-speed PSK signals was 
selected as a reference carrier extraction circuit and an 
astatic phase control function was added to this circuit so as 
to avoid the influence of frequency variation peculiar to the 
millimeter wave waveguide transmission system (see FIG. 8). 
This makes it possible to ensure stable carrier extraction even 
if frequency variation occurs. At present, a technique for 
suppressing the phase error of an extracted carrier to the range 
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of ± 4 ° with respect to frequency variation of 1700 ± 14 MH, 
and temperature variation of 0 "C to 40 °C is established. 
Based on the above-stated results , it is considered that a phase 
and amplitude control technique for the modulation and 
demodulation of high-speed PSK signals have been established. 
Thus, by applying this technique to the proposed 
superimposition modulation system, there is a possibility that 
a high-speed multi-level modulation and demodulation system can 
be realized with the current technical level. 

The first key to realizing the superimposition 
modulation depends on whether or not carrier synchronization 
is established in the reproduction of the first path signal. 
This is because the second path signal is considered to act as 
a kind of an interference signal with respect to the first path 
signal. If the signal level of the second path is low, it is 
natural that synchronization with the first path signal can be 
easily established. It is also one of the important parameters 
for multi-level modulation and demodulation using the 
superimposition modulation system to set the amplitude A 2 of 
the second path signal with respect to the amplitude A, of the 
first path signal. 

According to the result of the studies using the 
above-stated modem circuit for the W-40G system, if the phase 
of the second path signal is fixed to one phase, i.e., CW 
interference is applied to the first path, it was experimentally 
confirmed that the carrier synchronization of the first path 
demodulation circuit can be established up to 20 log^/AJ 



10 




= 7B- For reference, the case of 20 log 10 (A 1 /A 2 ) = 6B is 
equivalent to the quadrature multi-level modulation (QAM) shown 
in FIG. 2(d). 

Moreover, if the first path signal is modulated with 
11-stage M-sequence code and the second path signal is modulated 
with the 15-stage M-sequence code, the C/N-to-code error ratio 
characteristics of the first path is measured using, as a 
parameter, an amplitude ratio (A^/A 2 ) of the first path to the 
second path. The measurement result is show in FIG. 9. The 
result shows that as the amplitude ratio A t /A 2 decreases, the 
code error rate characteristics tends to deteriorate and- the 
error rate tends to vary according to the difference of a lead-in 
phase. If the ratio A t /A 2 is about 9dB, the deterioration of 
the code error rate with respect to Aj/A 2 = °° is about 10dB in 
C/N conversion. 

In this measurement, C/N means the C/N (i.e., A^/N) of 
the first path. Further, in this experiment, no special 
consideration was given to the extraction of timing in the first 
path signal demodulation circuit the and an envelope detection 
type timing extraction circuit' 10 ' designed for four-phase PSK 
signals was used without change. 

FIG. 10 shows one example of the measurement result of 
the detection output eye patterns of the first path demodulation 
circuit and of the second path demodulation circuit. FIG. 11 
shows one example of the calculation result of the detection 
output eye patterns of the first pattern demodulation circuit. 
From these figures, it is estimated that the demodulation of 
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the first path is conducted quite satisfactorily. It is, 
therefore, considered that if the current modulation and 
demodulation technique is applied to the superimposition 
modulation system, it is highly likely to realize a multi-level 
modulation and demodulation system even in a very high speed 
range. 

4. Conclusion 

We have proposed a multi-level modulation system (APSK) 
based on the new concept of superimposition modulation and also 
described the operational principle and advantages of the 
system. Further, as superimposition modulation, 16-level 
transmission has been taken as an example and we have 
demonstrated that the multi-level modulation can be realized 
by a combination of currently obtained modulation and 
demodulation techniques. Besides, as a result of experimental 
studies conducted using the 400 MB four-phase PSK modulation 
and demodulation circuit for the millimeter wave waveguide 
transmission system (W-40G system) , we have mentioned that the 
possibility of the realization of APSK is high. However, the 
proposed technique involves problems which need to be studied 
in various manner in the future. For example, a synchronization 
technique such as bit timing synchronization and carrier 
synchronization, a waveform equalization technique and a design 
method used when this system is applied to a high-speed 
modulation and demodulation system may be significant problems 
to be solved. While the general operational check and analysis 
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for this system are problems to be solved in the future, we 
believe that this system will become one of the future baselines 
toward the realization of a multi-level modulation and 
demodulation technique compared with the conventional 
multi-level modulation and demodulation techniques which could 
not be realized without performing complicated processings and 
which were restricted to a low-speed range due to the restriction 
of hardware or the like. 

It is also necessary to fully consider and deal with the 
relationship between transmission characteristics and 
deterioration of transmission quality and the problem of 
interference between an intended channel and other channels or 
between different systems. However, we believe that this 
system can be widely applied to a radio transmission system, 
a satellite transmission system, a waveguide transmission 
system and the like using microwaves and quasi-millimeter 
waves . 
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Table 1 Various types of carrier digital transmission systems 



Class and mode name 


Modulation system 


Modulation speed 


Remarks 


Cable 
transmission 


LECTIPLEX 


Eight-phase PSK 


96B 




DT-4800 


Eight-phase PSIC 


1.600B 




PMC-FDM 


Eight-phase PSK 


530Kb 


Reference (3) 


Radio 
transmission 


2S-P1 


Four-phase PSK. 


7.87MB 




2S-P2 




6.31MB 




11/15S-P1 




32MB 




11S-P1 




97.7MB 




20G-400M 




200MB 


Reference (1) 




Eight-phase PSK 


7.87MB 


Reference (4) 


Satellite 
transmission 


SPADE 


Four-phase PSK 


32Kb 






Eight-phase PSK 


30MB 


Reference (5) 


Waveguide 
transmission 


W-40G 


Four-phase PSK 


400MB 


Reference (2) 


WT-4 


Two-phase PSK 


27.4MB 


US B.T.L. 



FIG. 1 Comparison of various types of modulation and 
demodulation systems (referred to from Reference 2) 

1 Reference transmission capacity 

2 Carrier power to noise power ratio 

3 Code error rate 

N: number of modulation states 

B: 3dB bandwidth of Gauss type filter 

T pulse cycle 

4 Ideal modulator 

5 Gauss type filter 

6 Eight-phase PSK synchronous detection 

7 Two-phase PSK synchronous detection 

8 Four-phase PSK synchronous detection 

9 wm*n-c+ 
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FIG. 2 Example of multi-level modulation (Arrow indicates 
maximum amplitude.) 

(a) Amplitude modulation 

(b) Phase modulation 

(c) Amplitude-phase modulation 

(d) Orthogonal multi-level modulation 

FIG. 3 Relationship between number of transmission levels and 
length d which is a half of distance between signals 

1 Number of levels 

2 FIG. 2(a) amplitude modulation 

3 FIG. 2(b) phase modulation 

4 FIG. 2(d) quadrature multi-level modulation 



5 



FIG 



2(e) 



6 



FIG 



2(f) 



7 



Maximum amplitude 



8 



Origin 



9 



Signal point 



FIG 



4 modulation circuit arrangement 



(I) Parallel connection 



1 



Carrier source 



2 



3 



4 



Four-phase modulation circuit I 
Four-phase modulation circuit II 
Modulation signal output terminal 



(ii) serial connection 
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FIG. 5 Modulation signal vector diagram 

(a) First path modulation 

(b) Second path modulation 

(c) Super imposition modulation system (synchronous system) 

(d) Superimposition modulation system ( asynchronous , arbitrary 
level) 



FIG. 6 Demodulation circuit arrangement 

1 Signal input terminal 

2 Four-phase detector 

3 identification-regeneration unit 

4 Re-modulator 

5 Loop filter 

6 Phase comparator 

7 Subtraction circuit 

8 Four-phase demodulation circuit 

FIG. 7 Asynchronous modulation circuit 

1 Carrier source 

2 Four-phase modulation circuit I 

3 Four-phase modulation circuit II 

4 Modulation output terminal 

FIG. 8 Re-modulation comparison type carrier synchronous 



circuit for W-400 system 



FIG. 9 First path code error rate characteristics 



1 code error rate 

2 Carrier power to noise power ratio (C/N) 
(Parameter is amplitude ratio of first path to second 

path.) 

3 Four phase PSK logical level 

FIG . 10 Detection output eye Pattern 

1 Upper graph: first path demodulation circuit 

2 Lower graph: second path modulation circuit 

3 Detection output in equal-phase channels 

4 Detection output in quadrature channels 

5 Second path detection output 

6 Detection output when second path is unmodulated 

FIG. 11 First path modulation eye pattern 

1 B: 3dB bandwidth of transmission system 

2 T: pulse cycle period 

3 Relative amplitude 

4 Time 

Appendix 

One example of multi-level modulation system in case where 
superimposition modulation principle 

Appended FIG. 1 Modulation circuit 

1 AM modulation 

2 - modulation output 
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3 
4 
5 



D/A conversion 

Logical arithmetic 

Digital signal input terminal 



Appended FIG. 2 Demodulation circuit 

1 Reception circuit 

2 Demodulation circuit (synchronous) 

3 Demodulation circuit (quadrature) 

4 Multi-level identification 

5 Logical arithmetic 

6 Signal output 

7 Carrier synchronous 
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Multi-Level Block Coded Modulations with 
Unequal Error Protection for the Rayleigh 
Fading Channel 



Nambi Seshadri, Carl-Erik VV. Sundberg 

AT&T Bell Laboratories, Signal Processing Research Department 

600 Mountain Avenue Murray Hill, New Jersey 07974. USA 

Abstract. Block coded 8-DPSK modulations are presented for the time selective Rayleigh fading 
channel. These coded modulations are based on multi-level code constructions and utiliie short 
binarv block codes of length 2 to 8 (binary symbols) as building blocks to construct S-DPSK co- 
des of length 2 to 8 symbols, respectively. All the constructed block coded modulations have a 
built in lime diversity of at least 2 to combat Rayleigh fading. Unequal error protection (UEP) is 
obtained by providing hiaher lime diversity for the important data. Further UEP can be obtained 
by usins a non-uniform signal constellation that provides higher product distance (through increa- 
sed component Euclidean distance) for the more important data. Low transmission delay is obtai- 
ned by matchina the code rate and interleaver to the channel conditions (Doppler spread). Block 
coded' S-DPSK~schemes with rate 1.5-2.25 information bits per symbol and code length 2 to S 
svmbols have been desianed and simulated for various values of Doppler spread. Gains of more 
than 15 dB can be obtained at a bit error rate of \Q-' for a fraction of the data that is deemed to be 
most important. By using different binary codes in the multilevel scheme and by using different 
nonuniform signal" constellations, the unequal error probability profile and the data rales can be 
controlled in a flexible manner. 
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l. INTRODUCTION 

Medium bit rate speech coders (6.500-13,000 btt/s] 
are currently being made a part of various first genera- 
tion digital cellular radio systems. There is already a 
considerable amount of work in progress on the deve- 
lopment of second generation systems thai will double 
the capacity, primarily by reducing the speech coder ra- 
te by a factor of 2. Even the first generation sysiems ba- 
rely provide loll quality speech. It is expected thai the 
second generation speech coder will be at at most as 
good as ihe first generation coders, computationally 
more intensive and subject 10 higher delay. It thus 
seems difficult to achieve an increase in capacity (by a 
factor of 2) from ihe speech coder alone. 

Other ways lo increase ihe capacity include 
bandwidth and power efficient modulation icchniques, 
smaller cell sizes, increased frequency reuse by interfe- 
rence cancellation lechbiqucs. adaptive channel assign- 
mcnl and power control techniques. In ihis work we 
consider bandwidth and power efficient coded modula- 
tion techniques as a means of increasing ihe capacity. 
Alternatively, higher quality speech can be obtained by 
increasing ihe speech coder rale. 

Performance and design of uncoded modulations 
and coded modulations for the additive white Gaussian 

Vol. J. No. 3 May. June 1993 



and the ideal, fully interleaved. Rayleigh fading chan- 
nels is a well understood problem [1-18). However, the- 
re are two desirable properties that an uncoded as well 
as coded modulation scheme must possess for transmis- 
sion of digitized speech. The first desirable property is 
low delay for two way speech communications while 
second property is unequal ercor protection (UEP). The 
latter property has received very little attention in the 
coded modulation literature. 

The first desirable property is low end-io-end delay. 
In order to realize the full benefit of the coded modula- 
tion scheme, i.e., to obtain an error rate that varies in- 
versely as the SNR raised to a power that is determined 
by the minimum Hamming distance of the coding sche- 
me. It is important for the fading to be independent 
symbol to symbol. This can be achieved through the 
process of interleaving. Here, the code symbols are ar- 
ranged in a rectangular array of size M x /V. The code 
sequence is written row by row and transmitted column 
by column. The number of rows, or the depth of the in- 
terleaver, should be at least as large as the average fade 
duration. The number of columns should be equal to the 
decoding depth. For a fixed interleaver depth, short 
block codes or short constraint length trellis codes have 
small decoding depth and hence reduce the end-to-end 
delay which is highly desirable in a speech communica- 
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9 - NambiSohadri.Ca 
lion system. In this work, we consider short block co- 
ded modulation systems based on the multi-level co- 
ding idea. 

The need for UEP arises because only a fraction of 
digitized speech data is extremely sensitive to channel 
errors. Thus, it is clearly a waste to provide uniform er- 
ror protection to all the digitized speech data based on 
the error sensitivity of the important data. On the other 
hand, (he performance degrades if uniform error protec- 
tion is provided based on the. less error sensitive data. 
Clearly, optimum utilization of transmission resources 
requires UEP. Another reason for UEP is that in cellu- 
lar systems, the carrier-to-interference (C/I) ratio is dif- 
ferent at various locations in a cell and it decreases as 
one moves closer to the cell boundary. Since we seek to 
provide the highest speech quality for a 



-MsK 



: ■ Block diagram 



Multi-level coding is an alternative method for combi- 
ned coding and modulation. The transmitter now consi- 
sts of a number of parallel (and normally) binary enco- 
ders as shown in Fig. 1 . The output of the encoders at ea- 

, , ..„ „ ch instant selects one symbol of die signal constellation. 

adaptive speech and channel coding, which Is difficult The maximum likelihood decoder operates on the joint 
if not impossible to realize, is required. Hence, a UEP S!a!e spa " of thc cnc ° d «s. This decoder may be too 
based scheme that delivers the most sensitive bits relia- com P lex 10 r "l'« in practice. Multi-stage decoding is a 



sub-optimal technique that guarantes the same asympto- 
tic error performance as maximum-likelihood decoding 
Calderbank [4], Pottie and Taylor [7], and Kasami et al. 
[9] have constructed multi-level coset codes for the AW- 
GN channels. In [8], we showed that multi-level coding 
is an effective method of constructing trellis coded mo- 
dulations with large time diversity. In order to reduce er- 
ror multiplicity and error propagation due to staged de- 
coding, a new decoding technique with interstate inter- 
leaving and iierature decoding was also proposed". 

The method considered here as well as the prior te- 
chniques (20. 21) for the AWGN channel have their 
theoretic roots in the work of Cover [23] on broadcast 
channels. The problem . that Cover considers is the 
achievable r; 



sting of oi 



bly throughout the cell is a robust solution. When the 

less important data are received error free, the highest 

quality is obtained. When they are received in error, the 

speech quality degrades somewhat but it is not cata- 
strophic. UEP with binary codes have been studied 

before [19]. Very little work has been done in the area 

of UEP coded modulation schemes. The two known 

works for the additive white Gaussian channel are [20. 

21] and the only known work which alludes to unequal' 

error protection fo rthe Rayleigh fading channel are [8] 

and [22], This work expands on the work in [22], 

We consider the two classes of coded modulation 
schemes that provide equal as well as unequal error 
protection, viz.. the set partitioning technique of Unser- 
boeck [I] and the nulti-level coding approach of Imai 
and Hirakawa [3]. 

Classical coded modulations as conceived by Unser- 
boeck [1, 2] for the Gaussian channel uses a si°nal con- 
stellation with 2-1 signals to transmit m bits "of infor- 
mation. The 2™*' signal constellation are divided into 
subsets so that the intra subset signal space distance is 
greater than in the originalk constellation. A sinale (bi- 
nary) channel coder of rate ml(m + 1) is used to select 
these signal points. One pan of the channel coder out- 
put selects the signal subset to be used at every interval, 
and the other part selects the signal point from within 
the subset. For high channel signal-to-noise ratios, the 
channel code is designed to maximize the distance pa- 
rameter of interest. For the additive white Gaussian noi- 
se (AWGN) channel, thc parameter is the mimimum 

mSw^m""' "I/" fad J ng Channe '- U * Prf - mUm »«ween any two 

caJled thJ nrod ( -Tp m , / mm ', nS d ' StanCe - A ^"'^ b °° k is ™»« '"an the distance betu 
^T^^^r^^ -wordschosenfromdifferentcodebooks. 
channel were found by Uneerboeck for phase shift 
keying (PSK) and quadrature amplitude modulation 
(QAM) signal constellations. Following these ideas. M- 
PSK trelis codes using a single channel code were also 
designed specifically for fading channels in [13. 18). 



broadcast channel consi- 
transmitter communicating to two or more 
:hannels that may have differing capaci- 
sharing achieves any con- 
vex combination of the capacities. Further, it was 
shown that by super-imposable codes, one can extend 
the achievable rate region. While this extension does 
not dominate over the time sharing, it was shown to be 
preferable to time sharing in that "for a small reduction 
in capacity for the low rate user, one can achieve the 
capacity for the high rate user. 

Super-imposabFe codes are constructed by using mul- 
tiple codebooks to transmit information. Each codebook 
has multiple codeworks. The number of codebooks is 
determined by the lower of the two capacities (assumina 
two receivers) while the number of codewords in acode" 
book is determined by the higher capacity. The mini- 
mum distance between any two codewords in a code- 



Selecting the codebook is done by a fraction of the 
information that is to be communicated reliably over 
both channels. The remaining information that is to be 
communicated reliably over only the higher capacitv 
channel selects the codeword from the codebook for 
transmission. The low rate user will decode the recei- 

ETT 
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ved codeword only 10 one of the codebooks with arbi- 
irary accuracy while the high rate user will decode the 
received codeword to a codeword in one of the code- 
books wiih arbitrarily low error probability. 

The connection between coding for the broadcast 
channel and coding for a cellular application is that the 
mobile receiver may be anywhere in a cell and hence has 
a capacity that is spatially varying in a manner similar to 
spatially separated receivers in a broadcast application. 

The papers is organized as follows. Section 2 pre- 
sents the prerequisites. In section 3. we describe multi- 
level block coded modulation schemes. Two and three 
level 8-PSK (or differentially encoded. 8-PSK) codes 
are considered. Section 4 presents several examples of 
such codes. These examples feature equal as well as 
unequal error protection codes. In addition, uniform as 
well as non-uniform signal constellations are featured. 
Section 5 presents detailed simulation results and sec- 
tion 6 has conclusions. These codes exhibit equal and 
sometimes unequal error protection capabilities. 



2. PREREQUISITES 

2.1. Channel model' and transmission format 



The channel and the transmission model used in this 
paper are depicted in Figs. 2a) 2c). Digitized speech or 
any other data is first encoded by a multi-level block 
code. The encoded output is interleaved using a block 
interleaver as described in the introduction. The data 
from the interleaver is transmitted using differential 
eight phase shift keyed modulation (8-DPSK). At the 
receiver, the received data is differentially demodulated. 
The received symbols in the form of soft decisions are 
stored in the de-interleaving matrix (de-interleaver) at 
the same positions as in the interleaver and decoding is 
done row by row. 

The 8-ary data out of the interleaver at time k is 
mapped to a complex 8-PSK signal. Prior to transmis- 
sion, the 8-ary symbols are differentially encoded ac- 
cording to the rule 



= °f u k-i 



(1) 



where u t is the output of the differential encoder at time 
it. These complex symbols are transmitted with a sym- 
bol rate of 1/7,. The fading channel imposes a complex 
multiplicative distortion 
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(2) 



on the transmitted complex symbol u t . Let £, be the 
average energy per transmitted symbol and E/N 0 be the 
average SNR per transmitted symbol. The complex 
Gaussian noise variate » t with E (Re(;i t ) J ) = £(Im(/r t ) 2 ] = 
= N 0 I2 is added to yield the received signal 

'»=:*•"» +" ( (3) 

The output of the differential demodulator is given 



(4) 

where * denotes the complex conjugate. 

The multiplicative distortion is generated by the 
channel model shown in Fig. 2b) where the normal and 
quadrature multiplicative distortions are generated by 
statistically independent white Gaussian variates that 
are filtered to give the desired correlation properties of 
the discrete fading process. We refer the reader to (19] 
for details about the parameters that characterize the 
correlation properties, and the FIR filter design. 

2.2. Summary of known theoretical result; about the 
error performance 

The upper bound on the pairwise error event proba- 
bility for the Rayleigh fading channel assuming ideal 
coherent detection and perfect interleaving can be wrii- 



</ t "(a. c) 



where L is the length of the error event in symbols and 
d- (a. c) is the squared Euclidean distance at time k 
between 8-PSK signals modulated by coded data se- 
quences a and c respectively. The number of disposi- 
tions in the error event which are non-zero is called the 
effective length of the error event and is denoted V. 
This is the Hamming distance between coded data se- 
quences a and c. Thus (5) can be written as 



P E (a, c): 



1 



[*.w>r 



(6) 



where r - ^j- and d 2 0 (a. c) is the geometric mean of 
the non-zero squared Euclidean distance components in 
the error event. By summing over all the differenc error 
event, the union bound on the overall error probability 
is obtained. At large SNRs. the overall probability is 
dominated by the error event with the smallest Ham- 
ming distance D and this quantity is called the lime di- 
versity of the code. The quantity d\ raised to the 0-th 
power is called the product distance. We refer the rea- 



der to [24) and [13] for detailed description of the va- 
rious distances. 

UEP is provided by coding the important data in 
such a way that the minimum Hamming distance D 
between any two code sequences that correspond to two 
different important data sequences is greater than (or 
equal to sometimes) the minimum Hamming distance d 
between any two code sequences that correspond to two 
different less important data sequences. 

A second way of getting a limited amount of une- 
qual error protection is to ensure that the product di- 
stance between any two code sequences that are at the 
minimum Hamming distance for the important data is 
always higher than the product distance for less impor- 
tant data. A third way to achieve UEP is to reduce the 
proportionality constant in the overall error probability 
expression (8] for the important data. This constant rou- 
ghly corresponds to the average number of nearest nei- 
ghbors. 

The second and third tecniques are two ways of 
achieving a degree of unequal error protection when the 
minimum Hamming distance D for the important data 
is equal to the minimum Hamming distance d for the 
less important data, tn principle. UEP can also be achie- 
ved by time sharing coded modulation schemes. Howe- 
ver. Cover's [23] work suggests that the approach we 
consider is more desirable than time sharing. Further- 
more, the lime sharing method may cause longer delays 
due to multiplexing. 



3. MULTI-LEVEL 8-PSK BLOCK CODES 

3.1. Encoder and unequal error protection capability 

Three-level 8-PSK codes . 

Let the uniformly spaced 8-PSK signal constellation 
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be labeled as shown in Fig. 3. Consider the si 



binarv expansion of any of ihe integers into b z 6, b a . _iJ ~ Lh_ 

The three level code C = |C„. C,. C : | consists of b.nary I 

component codes C„. C, and C : with minimum Ham- >, 

ming distances </„,. </« and rates V«. *,/« abd I Clil 1*. 

Un respectively. The input data / either from a speech — s-j * -jn 

encoder or some other source is partitioned into three I — L_ 
data streams i 0 . f, and », which are encoded, by C 0 . C, 
and C, respectively, to produce data streams b, and 
6, as in Fig. 1. The n-bit encoded data streams 



A 0 =(/><;. 



.. bo") 




L 



b,={bi W) 

select n sianal points to be transmitted, where the 3- 
PSK signal" selected at time k is indexed by b k = 46$ + 
+ lb\ + 6§ ■ This results in a 2n dimensional block co- 
ded modulation scheme. The minimum Hamming di- 
stance between any two different coded 8-PSK signal 
sequences or the built in time diversity of the coded 
modulation is given by 

(8) 



d H = min(c/ H0 . d Hk . d H2 ) 

This is easily seen by noting that if the decoded 
information sequence / has an error in the data stream 
f 0 . then the transmitted code sequence and the decoded 
code sequence should differ in at least ^symbol posi- 
tions. Similar results hold for i, and U. and the overall 
rate in bits/symbol is 



It is also clear that the minimum Hamming distance 
between any two different code sequences correspon- 
ds to two information sequences that are encoded by 
C Is </„„• Similarly, the minimum Hamming distance 
between any two sequences that are encoded by C, is 
d HX and those that are encoded by C, is d HT By choo- 
sing d H0 . d H[ and d H2 differently, one can obtain up to 3 
levels of error protection. 

It is seen that those bits that are encoded by code C 0 
are subject to a product distance of (0.537y«o for a 
uniformly spaced constellation on the unit circle. If d H0 
is chosen to be greater than </„, I or d H2 then some UEP 
capabilitv may be lost because of the small product dis- 
tance. Thus, a non-uniform signal constellation may 
help to increase the product distance for the less impor- 
tant bits. This may easily translate into several decibels 
of improvement on a Rayleigh fading channel. 

Two-level 8-PSK codes 

Two level codes C = [C^ C,| can be constructed by 
usino a R = 1/2 maximal free distance convolut.onal co- 
de C 0 to address bits 6 0 and 6, of the 8-PSK constella- 



Fig. 4 - Block diagram of the two level encoder, 
lion while b, is addressed by code C, whose input are 
the less important bits. A two level encoder is shown in 
Fi». 4. Two level codes are used to provide more error 
protection to 50% of the bits. The minimum Hamming 
distance for the important bits is upper bounded by 
d tm - 2. (For the maximal d. KZ code, the code sequen- 
ces'differ by two bits when they diverge from and mer- 
ge into a state. This contributes to Hamming distance of 
4, in bits and two in symbols). The minimum Hamming 
distance for the less important bits is I if C, is a rate 
R = I code. For a small sacrifice in rate, the free mini- 
mum Hamming distance can be increased to 2 by using 
a (n. n - I. 2) parity check code for C,. Such two level 
constructions for AWGN channel were considered by 
Calderbank (4). The code rate is 2 - l//i bits/symbol. 

By changing the labeling of the signal constellation 
one can vary the product distance as well as the number of 
nearest neighbors for the important as well as the less im- 
portant bits. Further increases in diversity for the less im- 
portant bits may be obtained by using a lower rate code for 
the less important bits. Two level codes are well suited for 
providine increased error protection to iOS of the impor- 
tant bits. Three level codes with uniform spacing of the si- 
gnal points are suitable for providing increased error pro- 
tection to less than 507c of the important bits. Three level 
codes with non-unirorm spacing can provide increased 
error protection to more than 507c of the data. 

3.2. 8-PSK constellations 

We consider four uniform and non-uniform signal 
constellations in this work. In addition to the uniform 
constellation of Fie. 3. the constellations of Figs. 5. 6 and 
7 are considered. Fie. 5 shows a uniform 8-PSK constella- 
tion but with Gray coded labeling while Figs. 6 and .7 
show two non-uniform constellations. The non-uniform 
constellation of Fig. 7 has 4 clusters of points, with each 
cluster separated by 60° and within each cluster, there are 
a pair of points that are separated 30°. The non-uniform 
constellation of Fig. 6 gas two clusters of points, where 
the clusters are separated by 90°. and within each cluster 
there are 4 signal points that are separated by j0 . 
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Fig. 5 - Uniformly spaced 8-PSK cc 



)n used in (he simula- 



i-uniformly spaced 8-PSK constellation used in uY 



•uruformly spaced 8-PSK 



lauonsof Figs. 
3.3. Decoder 



Optimal decoding of the multi-level code is performed 
m likelihood decoder which jointly decodes 



the component codes. If the multi-level code is a three le- 
vel code, and if the individual codes C 0 . C, and C. can be 
decoded by finite state trellises with s 0 . c, and j, states re- 
spectively, then the optimal multi-level decodercan be de- 
coded by a trellis with at most s 0 .s r s, states. Sub-optimal 
staged decoding is preferred when the optima] decoding 
complexity is high. Here C 0 is decoded first followed by 
C, and then C ; . The decoding complexity is then given by 
a trellis decoder with j 0 + r, + s , states. The performance 
degrades because in decoding C 0 . information about C, 
and C, are not used. This increases the effective error mul- 
tiplicity. For the fading channel, this increase can result in 
a significant reduction in coding gain especially probabi- 
lities of lO" 3 to 10-\ Further, when bit error probability 
rather than block errorprobability is thequantity of intere- 
st, an error in decoding C„can result in many errors in de- 
coding C,. This is because in decoding C,. it is assumed 
that C 0 has been decoded correctly. In order to reduce the 
error multiplicity and the error propagation, a modified 
multi-stage decoder with interleaving and iterative deco- 
ding was proposed in [8]. The end-to-end delay increases 
due to the use of this additional interleaver. If conventio- 
nal multi-stage decoding has to be used, then C 0 should 
made much more powerful than C, or C. This is the rea- 
son why only a small fraction of the data can be afforded 
much higher protection with three level codes. 

4. MULTI-LEVEL 8-DPSK BLOCK CODE CON- 
STRUCTIONS FOR THE RAYLEIGH FADING 
CHANNEL 



In this section, we consider block coded modulations 
constructed using both setpanitioning based techniques 
and multi-level based techniques. The multi-level codes 
(as well as set partition codes) are decoded optimally un- 
less otherwise is stated. 



4.1. 4- Dim 



al block code 



Example 1: A 4-dimensional block code of rate 1.5 
bit/symbol is formed by considering the 8-PSK/8-PSK 
(uniform) constellation and selecting the 8 points |(0.0). 
(1.5). (2. 2). (3. 7), (4. 4), (5. 1 ), (6. 6), (7. 3) ] . This code 
has a minimum Hamming distance of a 2 and a product di- 
stance of 2 which are the maximum possible distances fo 
rthe given dimension and rate. The code does not provide 
any UEP however. In order to provide UEP. a non- 
uniform signal constellation is needed. Thecode proposed 
here is useful for the reason that the code length is only two 
symbols and hence maximum interleaving depth is obtai- 
ned for a given overall delay. Further, this is the shortest 
code that provides diversity using 8-PS K constellation. 

Example 2: (1.5 bit/symbol) In order to achieve UEP 
with 4-D-BC.M. we propose to use a non-uniform S-PSK 
constellation of Fig. 7 and use three (2. 1.2) repetition co- 
des to address the 8-PSK constellation. The product di- 
stance for 66% of the important bits is I while for the less 
important bits it is 0.07. The number of nearest neighbors 



is I and the numberof information biterrors corresponding 
to the nearest neighbors is 1. In contrast, in example l.ihe 
productdisiance is 2 while the numberof nearest neighbors 
is 4 and the average numberof bit errors for the nearest nei- 
ghbors is greater than 1 (depending on the mapping rule). 

Example 3: (2.0 bit/symbol) In order to achieve a di- 
versity of 2 and stay with a block length of two symbols 
and rate R = 2 bit/symbol, it is necessary to use a 16-PSK 
constellation. The 4D-16PSK constellation is ((0.0). 
(2.2). (4.4). (6,6). (8.8). (10.10). (12.12). (14.14). (1.7). 
(3.9). (5.1 1), (7. 13). (9.15). (11.1). (13.3). (15.5)). If a 
uniform 1 6-PSKconstellation is used, then the productdi- 
siance is (0.587) 1 . 

4.2. 8-Dimensionalblockcodes 

Example 4: (1.75 bit/symbol) An 8-dimensional 8- 
PSKblock code of rate 1.75 bit/symbol provides UEP to 
about 14.3% of the bits using the constellation of Fig. 3. 
The code is formed by using a repetition code C Q of rate fl 0 
= 1/4 bit/symbol, and two zero sum codes C, and C, of rate 
/?, = 3/4 bit/symbol. The minimum Hamming distance for 
this code is 2. However two different code sequences of C 0 
differ by a least a Hamming distance of 4. Thus bits enco- 
ded by C„are subjecwo a lower error probability than tho- 
se of C, and C. We note that the depth of i nterleaving is re- 
duced by a factorof 2 for this code as compared to ihe4-D 
code. The product distance for the important bits is 
(0.587) 4 while it is (2) : for the less important bits. Thus, at 
low SNR's, the diversity gain for the important bits may 
be offset by the small product distance. 

Example 5: (1.75 bit/symbol) In order to increase the 
product distance for the less important data and to decrea- 
se the number of nearest neighbors, the non-uniform con- 
stellation of Fig. 6 is used along with the codes of example 
4. The productdisiance for the important data is (2) J . 

Example 6: (1.75 bit/symbol) A lesser spread between 
the coding gain for the important and less important data 
than example 4 but more than example 5 is obtained by 
using the Gray coded labeling of Fig. 5. The product di- 
stance for the imponamas well as the less important data is 
(0.587) J . However the number of nearest neighbors is 
smaller. We note that the productdisiance for the less im- 
portant dataofexample4 is (2) 4 . 

Example 7: (2 bit/symbol) A rate R = 2 bit/symbol 
code is obtained by considering the 4-dimcnsional 8- 
PS K/8-PS K uniform constellation and partitioning it into 4 
subsets Jloo, fig,, £i 10 and fi, , which are given by 

P 0 6' 
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Transmission of 8 bits over four 2-D intervals is ac- 
complished as follows. Two of the input bits select one 
of the subsets (a repetition code in GF(4)) which re- 
mains the same over two consecutive 4-D intervals. Out 
of the remaining 6 information bits, the first three select 
the first 4-D signal point to be transmitted over the first 
two 2-D intervals and the last three select another 4-D 
signal point for the last two 2-D intervals. 

The product Euclidean distance is 2. The trellis is 
shown in Fig. S. Decoding is accomplished by finding 
the most likely survivor at each state by choosing the 
best 4-D symbol from each of the subsets. This code 
does not provide unequal error protection. 




Fig. S - Trellis for the 8-D BCM. 

4.3. 16-Dimensional block codes 



16-dirr 



Example 8: (1.875 bits/symbol) A 
rate R = 1.S75 bits/symbolis formed by choosing C„ 
and C, to be the (8.4,4) Hamming code and C, to be a 
(8,7,2) parity check code. The rate is increased to 2.25 
bits/symbol by changing C, to a (8,7.2) parity check code. 
The product distance for the important bits with 
uniform constellation and natural mapping is (0.5S7) J . 

Example 9: (2.25 bits/symbol) At the cost of higher 
decoding complexity, a rate of 2.25 bit/symbol is obtai- 
ned by using a (8.4,4) extended Hamming code for C 0 , 
with C, and C, being (8.7,2) zero sum codes in CF(2). 



5. SIMULATION RESULTS 

The error performance of various schemes proposed 
here have seen evaluated by means of simulations and 
these results are presented below. The carrier frequency 
is 900 MHz and the channel is a time selective Raylei- 
gh fading channel. The Doppler bandwidth is defined in 
Hertz to be/, = WX where v is velocity in meters/s and 
X is the wavelength of the carrier in meters. Unless 
mentioned, interleaving is performed over 200 symbols. 
The interleaving depths are then 100, 50 and 25 for the 
4-D. 8-D and 16-D schemes respectively. Two coding 
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gains are provided, i) for the imponant data (T(dB)) 
and ii) for the less important data (y(dB)). The codine 
gain is measured at a bit error rate of KHaaainst unco" 
ded 4-DPSK. 

5.1. 4-D block coded modulation schemes 

Fig. 9 shows the simulation results for the 1.5 bit/ 
symbol BCM scheme of example 1. At a bit error rate 
of 10" 3 . a coding gain of about 14 dB is obtained over 
uncoded 4-DPSK. By using the non-uniform constella- 
tion of Fig. 7. and additional gain of 2 dB is obtained 
for two-thirds of the data. The simulation results using 
this non-uniform constellation are shown in Fig. lo". 
The error rate worsens as the Doppler bandwidth de- 
creases because the interleaving depth is not adequate 
:e uncorrected fades for the symbols of a co- 



5.2. 3-D block coded modulation schemes 

Fig. 1 1 shows the simulation results for the rate 
R = 1.75 bit/symbol scheme of examples 4, 5, and 6. At 
a bit error rate of 10" 3 , the coding gain, using the con- 
stellation of Fig. 3. for the important data over uncoded 
differental QPSK (4-DPSK) is about 17 dB while for 
the less important data is about 13 dB. By using the 
constellation of Fig. 6. the gain for the imponant data 
increases to about 25 dB while the gain for the less im- 
ponant data reduces to about 5 dB. The reson for such a 
drastic increase in the gain is mainly because of the fact 
that product distance increases from (0.587) 4 for con- 
stellation of Fig. 3 to (2) 4 for constellation of Fig. 6. In 
addition, the average number of nearest neighbors also 
has decreased. A smaller spread is obtained by using 
the uniformly spaced constellation, but with Gray cod- 
ed labeling of Fig. 5. This reduces the number of nt 
st neighbors for the imponant data while decreasing the 
product distance for the less imponant data. The gains 
are better balanced at about 20 dB for the imponant da- 
ta and 8 dB for the less imponant data. 




The second 8-D block coded scheme is the rate R = 2 
bit/symbol scheme of example 7. Fig. 12 shows the 
of the 2 bit per symbol scheme with a pro- 
duct Euclidean distance of 2. The symbol rate is assu- 
med to be 24 ksymbols/s, the carrier frequency re 
at 900 MHz. The frame structure here is 
med to be similar to IS-54 (Nonh American n 
band TDMA structure). Thus interleaving is performed 
slots I and 4 for user I . slots 2 and 5~for user 2 and 
slots 3 and 6 for user 3. Each slot is 100 symbols and 
each codeword is transmitted at symbol times and 
50 +y of slots 1 and 4 for user 1. This figure also shows 
the performance with 2 branch space diversity. Equal 
gain combining is employed. Without diversity, at 
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20 mph, (he gain is about 10.0 dB over uncoded 
4-DPSK at a bit error rate of 10" 3 . Al 60 mph. the gains 
reduce by about 1.0 dB. With only coded 8-DPSK using 
space diversity, the gain is 17.0 dB mph and 19.0 dB 
at 20 mph. The gains reduce to 5 dB at 60 mph and 3 
dB at 20 mph when uncoded 4-DPSK system also uses 
space diversity. 





C, and then by C\. The S-PSK signal constellation used 
in this example is the one shown in Fig. 7. Code C„ and 
C, are (S.4.4) extended Hamming codes while C, is a 
(8.7.2) parity check code. In spite of the fact that C, is 
more powerful than C,, the error rate for C, is higher at 
bit error rates of I0" 4 and above because of its small 
product distance. For all practical purposes. 3 levels of 
unequal error protection arc obtained. The gain for the 
most important bits is about 16 dB. for the next impor- 
tant class of bits the gain is 14 dB and for the least im- 
portant class it is about 1 1 dB. 

Finally the simulation results of the 2.25 bit/symbol 
scheme of example 9 and using the constellation of Fig. 
7 are shown in Fig. 14. The drastic increase in error rate 
for C, by changing it from a (8,4,4) extended Hamming 
code to a (8.7.2) parity check code is evident. 



5.3. 1 6-D block coded modulation schemes 

The performance of the rate R = 1.875 bit/symbol 
scheme of example 8 is shown in Fig. 13. Multi-stage 
decoding is used. Code C„ is decoded first followed by 




Fig. 13 - Simulated BER for the ft = 1.873 bit/svmbol BCM sc 
of example 8. 22.2* most important class (0) bit. 55.6% second irr 
ponant class (I), and 22.2% least important class (2) bit. Dopplcr 
= 80 Hz. symbol rate = S ksym/s. 



Fig. la - Simulated BER for the R = 2.25 bit/svmbol BCM sci 

example 9. 22% class 0 bit. 39ft class I bits and 39% class 2 bit Dop- 
pler = 80 Hi. symbol rate = 8 ksym/s. 



5.4 



Table 1 shows the various performance measures of 
these schemes. In all these results, the number of chan- 
nel symbols over which interleaving is performed is 
200. The interleaving depths are then 100, 50 and 25 
for the 4-D, 8-D and 16-D schemes respectively. Two 
coding gains are provided, i) for the important data and 
ii) for the less important data. The coding gain is mea- 
sured at a bit error rate of 10 -3 against uncoded 4-DPSK 
for the same channel conditions. When there are more 
than two classes of data, the coding gains arc specified 
only for the most and least important data. The coding 
gain for the important data is denoted T (dB) and for 
the least important data is y (dB). These gains have 
■ been evaluated as a Doppler bandwidth of 80 Hz. The 
symbol rate is assumed to be 8000 symbols/s except for 
example 7 where it is 24.000 symbols/s. 
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6. CONCLUSION'S 
We have proposed new techniques for 
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that receivers have different recei 

paths, shadowing, etc.). For instance in the cas 
erarchicalHDTV, a receiver located at higher distance (or at bad recep- 
tion conditions) can not receive a full HDTV quality image, or even by 
using a conventional receiver one may risk receiving nothing (the thresh- 
old effect). However, by using a multiresolution modulation (MRM), it 
■\ _ would be possible to receive at least a TV image quality, or for very long 
C/dist»nces(or very bad reception conditions) at least a Personal Video P V 
Tmage quality could be assumed. In other words, the use of a MRM as- 
sumes a "graceful degradation". The aim of this article is to combine a 
MRM and multilevel coding and to try to optimise the different param- 
eters of such a combination under different reception conditions.i.e. we 
suppose that a full HDTV image signal is received in an AWG.N condi- 
tion. A TV image quality is assumed over a Rician fading channel. And 
finally a P V image quality is expected in a Rayleigh fading channel. An 
example of combined Rale-Compatible-Punctured-Convoluiionalcodes 
with a 3-resolution 64-QAM showed that for £j/(V„ = 19.5<fH one can 
achieve the desired hierarchical image qualities in these different chan- 
nels. This is a gain of about 7.5 dB (in AWGN) with respect of an 
uncoded scheme which may be used for enlarging the broacasting area 
or to reduce the emitter power. 



a TV ir 



quality. 



Uroduced by 



lion, it would be possible at least 
or for very long distances (very bad reception c: 
a PV image quality could be assumed. 

The idea of multiresolution transmission was ii 
Cover [2). He showed that for broadcasting, where a 
mits to a multitude of receivers having different receiving cona- 
tions, the optimal broadcast scenarios ate multiresolution in char- 
acter; He mainly showed that one could trade capacity front the 
poor channels for more capacity in the better ones. Then a. re- 
cent work (3] showed the interest ot MRM for the transmission 
of a HDTV signal. Although in this paper a "combined sornrcc- 
MRM" was studied, the authors mentioned it as a "combtttcii 
source-channel coding". 

The combined coding and modulation introduced by tfuser- 
' in modulation and a uroqir* 



e Euclid. 



e(m 



1 Introduction 

In broadcast applications it is interesting to employ Multi- 
Resolution Modulation(MRM). For instance to transmit a hier- 
archical HDTV (TV, Personal Video PV) image signal (1), it is 
important to assume a graceful degradation or even for system 
compatibility one modem for different receivers under different 
conditions. In other words, the signal of HDTV can be viewed as 
one with embedded signals of TV and PV, where PV is. the base 
information that should be highly protected. On the other hand, 
digital broadcasting differs from digital point-to-point transmis- 
sion in that different receivers have different reception conditions 
which depend on the distance from the emitter and on other dis- 
turbances (multipaths, shadowing, etc.). For instance the re- 
ceiver located at a higher distance (or during bad reception con- 
ditions), can not receive a full HDTV quality image, or even by 
using a conventional receiver one may risk receiving nothing (the 
threshold effect). However, by using a multiresolution modula- 
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(4). In Ungerboeck's approach t 
bits are jointly encoded by one encoder and ma] 
point constellation using the principle of set-partil 
approach to coded modulation is to use multile' 
set-partitioning principle is applied to a 2 m -poi 

levels. Then each bit defining a subset is encoc 
codes. The basic idea is described in papers wtii 
Calderbank [6), and others. 

One knows that the above set-partitioning res 
cation of intra-subsct distances which arc an inc 
of the level of partitioning. However, in the case 



The 



rude ii 



MRM. 

a combination under diffe 
full HDTV image signal is 
image quality is assumed o 



3 combine multilevel coding. » 



e differ. 



suppos< 



ceivedin an AWGN 
r a Rician fading channel. And fina 
ted in a Rayleigh fading channeE. 
The paper is organiied as follows: in section 2 we briefly esa 
ine the principle of MRM by giving an example of 64-Quadratl. 
Amplilude-Multiresolution-Modulation (64-QAMRM). SectSx 
treats the combination of multilevel coding and MRM by com 
ering the above example. In section 4 we will analyze the pes* 
mance of the system in different environments ( AWGN, Ri— 
Rayleigh fading channels). In section 5 an example of 
Rale-Compatible-Punctured-Convolutional-Codes (RCPC 
and 64-QAMRM will be considered and its analytical per'- 
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d the simulation tcsults will be discussed. Finally, section 6 is ^ significant bits, the middle significant 
voted to some conclusions and remarks. bits are protected with BER = lO -15 

10 _1 respectively. Let us now look a 

Multiresolution modulation 

: constellation oC a MRM consists of clusters of points spaced 
different distances. Each cluster may itself have subclusters, 
so on. The distance between two clusters is higher than the 
ance between two subclusters. Then the basic idea is to as- 
i the most significant information bits to the clusters and the 
significant information bits to the subclusters. Figure-1 illus- 



its and the least significant 
BER = lO - ' and BER = 
the principle of multilevel 
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Figure 1: Constellation of a 3-resolution 64-QAM 



trates a MRM with 64-points. The 64 points are first divid< 
four clusters and then each cluster itself consists of 4 sub-cl 
Each subcluster is made up of (our points. This clusleri 
allows one to have three resolutions: the most significant b 
mapped to the clusters, the middle significant bits to sub-c 
and the least significant bits to the points of the sub-cl 
As Figure-1 shows, the performance of these resolutions c 
strongly on the distances d,, d, and d 3 . The performance c 
a modulation can be estimated easily by averaging over all points 
of the clusters. For an AWGN channel the bit error rale (BER) 
of the first resolution bits (the most significant bits) of the above 
example can be derived easily : 



Figure 2: Performance of 3-resolution 64-QAM in AWGN 
coding and multistage decoding applied in the case of a MRM. 

3 Multilevel coding and multistage 
decoding 

3.1 Multilevel coding 

1^ Multilevel coding was introduced by Imai and Hirakawa. Later 
further investigations were taken by others. The basic idea is to 
use different codes for each bit assigned to each partition level. 
Since the set-partitioning for an equi-resolulion modulition re- 
sults in increasing sub-set distances, it is worthwhile to use differ- 
ent codes instead of using a unique code. 



■(such 3 The set of clusters (or si 
be viewed as an cqui-resolut 
the set-partitioning techniqi 



.bclus 



r points) in a MRM can 
uion, then one cm apply 
clusters. Figure-3 shows 
n constellation of a 64-QAM. 



fl£«(l) = 



+ u 7 1 



(l-BEfl(l)]- 



fl£K(3) = 0. 



In Figure-2 we have plotted the BER curves for an AWGN channel 
vs. the average signal to noise ratio Es/N«. The simulation results 
are plotted also. One can see that for different resolutions and for 
oi = jj- = 1.19 and o> = j£ = 1.21 these curves are not so 
different. One can note also that different BER are obtained (or 
these three resolutions. For instance (or Es/N„ - Tl.dB the most 



The first resolution is considered as a normal QPSK (whe; 

•J sets. Each o( these subsets (a cluster) is" 5 again considered as a 
new QPSK and the same procedure is applied again and so on. 
(0 The mapping o( this set-partitioning is given in Figure-4. One 

i | u subclusters) is an increasing (unction of the partition level. On 
the other hand (or a MRM cf| > d-i... > d r , where r is the number 
of resolutions. Therefore, it is a natural way to combine multilevel 
coding with a MRM . 

(2) Different codes (or each partition level o( each resolution can 
be used. Let us denote C; with Hamming distance d H; the code 
j 3 j utilized (or the \' k bit. For the above example the squared minimal 
:e o( the first resolution bits is given by: 



<Ci„(l) = d? Min(d Wl ,2d*,) (4) 

In the same (ashion the squared minimal Euclidean distance (or 
the second and third resolution bits are given by : 

<<L„(2) = «1 M\n(d Hj ,U H ,) . dL„(3) = d\ M\n(d„,,2d Ht ) (5) 



One cin see that these distances are maximum if aV, = -dn-,. 
d Hl =2d Hi ,d Hi =2d H ,. 

The issued coded bits are then mapped to a 2" , -point MRM 
constellation. For our example, the two first hits are mapped to 
the clusters, then the two other bits to the sub-clusters and finally 
the last two bits choose a point of these sub-clusters. 

The spectral efficiency of the scheme is S«// = m • R where 
R is the total rate of the codes. One can note, that in contrast 
to the Ungerboeck scheme, one can obtain very desirable spectral 
efficiencies with this combination. 

3.2 Multistage decoding 

The aim of a hierarchical scheme for broadcasting is twofold. First 
it allows a graceful degradation. Then it permits a compatibility 
between different receivers in different situations. For example 
one can extract from a HDTV signal a desired TV signal. Or 
even a PV signal can be extracted from a TV signal. 

The use of multilevel coding for the transmission makes the task 
easy. It allows the use of multistage decoding which has a com- 
plexity/performance advantage over a maximum-likelihood detec- 
tion (6]. Let us denote X = (n,i, z„) as the transmitted se- 
quence of N symbols corresponding to 4j, i = l,2..m,i = 1,...,jV. 
Since the channel is corrupted by distortions, the received signal 
will be Y = (yi.yj y«). From Y w« try to retrieve the trans- 
mitted bits 4- ,; = l,..m;i = 1,2..;Y. The decoding procces is 
performed by successive estimation of »!...4} _1 . The estimation 
of b{ indicated by 4f is carried out using Y and 4,', ...*{"'• For 

constellation. Then the corresponding decoding is performed to 
give the final estimate 4| . To estimate the second bit 4', the same 
procedure is applied, except that the detection is done in the sub- 
sets of 2 m -point constellation corresponding to 4', and so on. For 
more details the reader is referred to (6). 

One can stop the decoding process when the receiver's desired 
information is extracted from the received signal. For instance 
assuming the above example, the PV receiver will only need the 
first and the second bits. The decoding will be stopped after two 
iterations. The TV receiver needs 4 iterations. And the HDTV 
receiver has to extract all the infomation. So one can see that this 
scheme results in an appropriate receiver complexity according to 
the desired image quality. 

4 Performance evaluation 

The overall perfomance of the system depends on the respective 
performance of each resolution. This performance can be mea- 
sured by computing analytically the BER at the output of each 
decoding level. For each level i we try to obtain an upper-bound by 
averaging over all transmitted sequences. We will consider three 
transmission conditions : AWGN, Rician and Rayleigh fading. As 
channel codes we will use RCPC codes (7). 

Let us denote X as the transmitted sequence and A' the se- 
quence chosen by the Viterbi decoder and containing errors. 

The probability of error P i; for a convolutionaJ code with Ham- 
ming distance d H , applied at the i" 1 level's is given by: 



where nj, is the normalized number of errors occured by chosing X 
instead of X with probability Pj,(X : X). The sum is taken over 
all error events corresponding to the all transmitted sequences. 

The probability of bit error for a multistage detection at the 
output of Vilerbi decoder for level i can be approximated as: 

ft(0 < ~ 1) + [1 - - 1)] Phi for i = 1, ..m (7) 

where A(0) = 0. 

For the above example of 64-QAMRM, the BER. of each reso- 
lution after decoding is given by: 

BER(l)< j[ft(D.+ ft(2)) , 0£A(2)£i(A(3) + A(4)] (3) 

fl£K(3)<i[*(S) + P»(6)) (9) 

From the above expression one can note that the main problem is 
to compute the error-event probabilities. These probabilities can 
be obtained for different channels as follows: 

4.1 A.WGN channel 

The error-event probability in this case is bounded by [7]: 

P'AX:X)< t rfc(\l^>-) (10) 

where Di is the minimal distance of each partition's level ( [or a 
64-QAMRM D, = rf,, D, = </?d, , D, = d,, £>, = v/2d,, and 
Di = rfj, £) 6 = </2d, ), and o"„., is the Hamming distance of the 
I'" error-event by transmitting the j"' sequence of the i" 1 code. 

4.2 Rician fading channel 

In the presence of AWGN and fading the received signal at lime 
p (by omitting the index ij, and I) can be expressed as : 

V, = P,ip + " ? (11) 

Hence the envelope of the signal transmitted through a Rician 
channel undergoes random fluctuations p described by the Rician- 
dislribution : 

p[p) = 2p(l + /v')e<-' < -' , < , + ' r »/o(2pv , A-(l + A")). p>0 (12) 

where K is the ratio of the signal energy received on the direct 
path to the signal energy received via the diffuse multipaths, and 
/o is the zero order modified Bessel function. The above expression 
leads to particular channel characterization for various values of 
K : When K = oo, it reduces to the Gaussian distribution. While 
K=0 , we find the Rayleigh fading distribution. 

As we have seen, the BER depends on the error-event proba- 
bility P{X : X). Using the Chernoff-Bound this probability can 
be bounded by the product of the expected value of : 

P[X : X) <J[E [«(*<l».-'.l , -l»-*.l , »| (13) 

By considering a perfect knowledge about the channel-state in- 
formation and averaging over a Gaussian noise of power ai: 

^(A-:A7p)<n' < " 1S ' , "" , ' |,( " ,1 ° l ('<> 
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Optimizing over the Chernoff parameter A and averaging over f We have seen that the multilevel coding results at least in a gain 
( perfect interleaving is assumed) one can derive trie error-event of about T.5 dB which may be used for enlarging the broacasting 
probability as (S): «« or to reduce the emitter power. 



p(x-.x) <n 



For a Rayleigh fading channel, this expression simplifies to: 

P{X :X)<Jl (16) 

,>€» 1+ ««. 

5 Simulation results and optimiza- 
tions 

In this section we are interested in evaluating the performance of 
i hierarchical scheme for HDTV, TV and PV broadcasting in a 
aMHz channel bandwidth. The data rate for HDTV, TV and PV 
ifter employing source coding can tje estimated at 22 Mbit/sec. 12 
Mbit/sec and 6 Mbit/sec respectively. Figure-o illustrats a HDTV 
iignal framing, where it is an embedded signal of TV and PV. In 
he same manner, the TV signal is an embedded signal of PV. This 
frame-structure allows one to obtain three resolutions, where the 
■nost important resolution is the PV signal. We assume thai we 
:an obtain a HDTV image quality if the different resolutions of 
;he received signal have the probalilities of error 10 _, °, 10"' and 
10"' respectively. The TV image quality is assumed, if we have 
the following BER: 10"' and 10"'. Finally a PV image quality is 
juarranleed if the BER is 10~*. 

VV e consider three different disturbances: AWGN, Rice with 
K = 10 and Rayleigh fading. The codes that we will consider are 
the RCPC codes with memory 6 (7). The first level's code has 
a rate 4/9. The second level's code has a rate 4/5. The third 
and fifth level's codes are the same (rate 4/7). The fourth and 
the sixth level's codes are also the same (rate 8/9). These codes 
are combined with our 64-QAMRM. At the receiver side after 
applying coherent detection a multistage decoding is performed. 

The performance of these codes is analytically derived and is il- 
lustrated in Figures-6-7-8. The simulation results are also plotted 
in these figures. These figures show the different performances in 
different channels. In Figure-6 an AWGN channel is considered. 
As this figure shows for the above value of BER and for different 
esolu lions a coding gain of about 7.5dB is achievable. In Figure-7 
i Rician fading channel is considered. In Ihis case the first and 
he second resolution's BER curves are plotted. The coding gain 
.-. this case is much higher: 12dB. Finally, the performance in a 
•ayleigh fading channel is plotted in Figure-8 only tor the first 
esolution. The slight divergence of simulation and analytical re- 
sults appears for high bit error rates only. How 



6 Conclusions' 

In this paper we have analyzed the performance of a combined 
multilevel coding and a Multi-Resolution modulation. The per- 
formance of the system, which depends strongly on the two pa- 
rameters ai,or? and on the codes is optimized. The optimization 
is done by considering a hierarchical HDTV transmission where 
ihe PV and the TV signals are embedded in the HDTV signal, 
it is shown thai for different receiver conditions ( AWGN, Rice, 
and Rayleigh channel) one can assume a graceful degradation by 
using such a combination and obtaining a coding gain at least of 
about 7.5 dB. This may be used for enlarging the broadcasting 
area or to reduc 
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for compatible systems (TV compatible HDTV, 
or PV compatible TV) one can obtain different receiver complex- 
ities, depending. on the desired signal quality. In this case for 
system optimization, one should take into account the respective 
gains of different antennas. 

It should be noted that these assumptions are optimistic and a 
further study should be done in the case of a multipath environ- 
ment and assuming a reasonable interleaving degree. In this case 
the use of OFDM techniques could be envisaged to combat the 
channel impairments. 

Further studies should be also done to investigate the combined 
source-channel coding, in order to increase in the number of res- 
olutions. 



[1] R. Schaefcr and G. Schamcl "HicrarchicalTransmission ofTV and 

HDTV using subband techniques", Proccd. Workshop on digital 
terrestrial broadcast of TV/HDTV Berlin. Nov-1991 

[2] Thomas M. Cover "Boroadcasl Channels" , IEEE Trans-on IT, 1T- 
18,Jan-1972,pp. 1-\< 

(3| K.M. Uz, K. EUmchandran, and M. Vetterb" "Multiresolulion 



lS.SdB the desired hierarchical image quality HDTV, 
TV, and PV (the graceful degradation) respectively in AWGN, 
?Jcian and Rayleigh Fading channels. It should be noted lhat 
he values of Oi = 1.017 and Oi = 1.042 were optimized in or- 
.er lo obtain the above performance in these different reception 
jnditions for the same SNR. The different antenna gains of the 



[7| J. H« 5 enauer " Rate compatible ) 
(RCPC-cod«) and their applicati 
COM-36,Apr-1989. pp.389-400 

(8) D. Divwdar and M.K. Simon " The design of trellis coded MPSK 
for fadins channels: Performance criteria" IEEE Trans-on COM. 
COM-36.sept.1989. pp.1004-1012. 



c 




Figure 5: A HDTV signal framing 



Figure 8: Performance of multilevel coding in a Rayleigh- 
Fading channel 
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Abstract. A practical cnd-lo-cnd all-digilal multiresolution system is demonstrated that employs joint source-channel coding 
and modulation in order to achieve efficient broadcast of digital HDTV. The threshold effect plaguing single resolution systems 
is softened by a stepwise graceful degradation. This can be used to increase the coverage and robustness of the digital broadcast 
syslcm. This approach is" seen as an alternative to traditional single resolution digital transmission systems which arc not 
designed for broadcast situations, and which suffer from the threshold effect. This paper highlights the benefits of using an 
embedded multiresolution modulation constellation over a modulation scheme that resorts to lime or frequency multiplexing 
of the broadcast resolutions. Besides showing coding results and simulations of transmission effects, the paper discusses the 
trade-offs between low and high resolution coverage. 
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1. Introduction 

Recent advances in video compression technol- 
ogy have ushered in the era of digital television, 
with the advent of digital HDTV expected to make 
as much of an impact on the video industry as 
CDs have made on the audio world. Even the most 
demanding delivery mechanism, namely terrestrial 
broadcasting, might turn digital. However, all cur- 
rent proposals for digital terrestrial broadcasting 
in the US approach the problem as a point to point 
transmission problem, namely from the emitter to 
the fringe. That is, the system is geared at the poor- 
est channel, a fact termed in (10, II] as 'wasted 
capacity' near (he transmitter. 

• This work was presented in part at the 4th International 
Workshop on HDTV. Torino. Italy. September 1991. 

under grants ECD-8S-I I III. K.M. Uz is now with David Sar- 
norf Research Center in Princeton. NJ 03543. USA. 

t Work supported in part by the New York Slate Science 
and Technology Foundation's CAT. 

; Work supported in part by the National Science Founda- 
tion under grants ECD-S3-1 1111. MIP-90-WIS9. 



This single resolution (SR) approach of catering 
to the broadcast fringe is known from information 
theory to be suboptimal: when dealing with differ- 
ent channels, one can do better than to transmit at 
the capacity of the worst channel. Cover [4] 
showed that one could trade capacity from the 
poor channels for excess capacity in the better ones, 
and that the trade-off can in theory be worthwhile. 
However, to the best or the authors' knowledge, no 
real system has been designed using these results. 

In this work, we demonstrate that using these 
ideas for channel modulation, together with an 
appropriate multiresolution (MR) source coding, 
leads to a flexible way to design digital broadcast 
systems. A more comprehensive treatment of this 
work, that includes an analysis of the role of error 
correction codes (ECCs) in the joint source channel 
coding problem, is presented in [9]. We show, in 
particular, lhat the threshold effect typical of SR 
digital transmission can be replaced by a graceful 
degradation. We also demonstrate how the cover- 
age area over SR schemes can be increased consid- 
erably, at the cost of some mid-region 



0923O965/92/S05.00 1992 Elsevier Science Publishers B.V. All rights reserved 



o 



0 



suboptimality. An important benefit of employing 
an MR joint source channel coding scheme is 
shown to be realized when the scheme is coupled 
with state-of-the-art motion compensation tech- 
niques to increase the full-resolution broadcast 
area. In light of the ongoing debates on standards 
and compatibility, it is topical to point out that 
MR schemes offer a natural and practical solution 
to the compatibility problem, as was proposed in 
[2]. 

The outline of the paper is as follows. Section 2 
reviews an MR video coding scheme [12, 13) used 
in this paper Tor the HDTV source coding, ft 
decomposes the source into coarse versions and 
added refinements or details. Section 3 discusses 
the idea of MR transmission for broadcast chan- 
nels. It reviews the classic idea of Cover [4] and 
how it can be applied to design a practical MR 
modulation constellations. The issue ofjoint source 
channel coding in this MR context is addressed 
next. Finally, Section 4 presents experimental 
results along with possible coverages using multire- 
solution QAM (or MR QAM) modulation. 



2. Multircsolulion source coding 

Multiresolution (MR) source coding schemes 
can be seen as successive approximation methods, 
and under certain conditions [5] they can achieve 
optimality. Practical MR coders may be slightly 
suboptimal to SR coders for point to point commu- 
nications, in terms of compression achievable at the 
same full resolution quality. However, a broadcast 
scenario involves a multiuser environment, where 
the MR decomposition affords a hierarchy or reso- 
lutions that are both natural and useful for the 
compatibility and broadcast problems. We review 
a specific MR video coding scheme [12], namely a 
three-dimensional pyramidal decomposition based 
on spatiotemporal interpolation, forming a hierar- 
chy of video signals at increasing temporal and 
spatial resolutions (see Fig. 1(b)). The structure is 
lormed in a bottom-up manner, starting from the 
finest resolution, and obtaining- a hierarchy of 
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lower resolution versions. Spatially, images are 
subsampled after anti-aliasing filtering. Tempo- 
rally, the reduction is achieved by simple frame 
skipping. 

The encoding is done in a stepwise fashion, start- 
ing at the top layer and working down the pyramid 
in a series of successive refinement steps. The 
coarse-to-fine scale change step is illustrated in Fig. 
1(a). At each step, first the spatial resolution is 
increased by linear interpolation, then the temporal 
motion based interpolation is done based on these 
new frames at the finer scale. We describe the inter- 
polation procedure only briefly, and refer to (12) 
for more detail. See Fig. 3 for the different resolu- 
tions of a three-layer pyramid. 

The unshaded frames shown in Fig. 1(b) are 
interpolated in time. For these frames, the encoder 
computes a set of motion vectors that are transmit- 
ted along with the temporal residual. The motion 
vectors are computed in a multiresolution rashion. 
using a hierarchical blockmatching algorithm [12) 
somewhat similar to (3). For each block in the 
interpolated frame, three different motion vector 
candidates for the following interpolation modes 
are considered: 

- Backward inierpolation : the motion vector that 
yields the best replacement rrom the previous 
frame. 

- Forward interpolation: the motion vector that 
yields the best replacement from the next frame. 

- Motion averaged interpolation: the motion vec- 
tor d that yields the best replacement by 
averaging the block displayed by d in the previ- 
ous frame and displaced by -d in the next frame. 

The mode that results in the best interpolated block 
(in the MSE sense) is selected, and the mode selec- 
tion information is also encoded and transmitted 
to the receiver. 

A discrete cosine transform (DCT) based 
entropy coder is used to encode the top layer and 
the subsequent bandpass difference images. Quan- 
tizer steps, and consequently bit allocation at 
different levels in the hierarchy, is determined to 
obtain good perceptual quality. Another major 
consideration in the bit allocation scheme is the 
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subsequent channel coding, as described in the next 

This MR decomposition of the video source has 
several advantages: 

- it is suited for a digital broadcast system with 
graceful degradation: 

- it is robust to channel errors when the coarse 
resolution is well protected and error conceal- 
ment is employed at the decoder: 

- it offers a solution to compatibility with lower 
resolution standards. 

It was determined empirically that for the 3 layer 
MR source coder we consider in our system, resort- 
ing to a two-resolution hierarchy comprising the 
two coarsest layers of the spatio-temporal pyramid 
in the coarse resolution source channel, and the 
fine layer in the fine resolution channel resulted in 
a bit ratio of coarse to fine information' of roughly 
1 :2 at SNRs of interest for typical sequences. This 
ratio is used to formulate a 'matched' source chan- 
nel coding design, to be described in Section 4. 



3. Multiresolution transmission 



Efficient communication of digital information 
from one source to multiple receivers with varying 



carrier-to-noise ratios (CNRs) is the fundamental 
problem of digital broadcast of HDTV. The need 
to use the broadcast channel capacity efficiently has 
been pointed out by Schreiber [10] in his proposed 
hybrid analog-over-digital coding scheme, 
although no quantitative advantage in terms of 
received signal quality (SNR or the like) over all- 
digital schemes has been shown. In our work, we 
restrict ourselves to a digital solution that is multi- 
resolution (MR) in nature, and we quantify the 
performance of various MR transmission schemes 
for the broadcast range of CNRs in terms of 
received SNR. 



3.1. Efficiency of using MR for digital broadcast 

In his classical paper or 1972 [4], Cover supplied 
the intuition of using an MR scheme for digital 
broadcast channels. He demonstrated that, for a 
binary symmetric channel, a source wishing to send 
. information to two receivers of different qualities 
could optimize its deliverable bit-rate to the receiv- 
ers, in the Shannon sense, by superimposing the 
(refinement) information meant for the less noisy 
receiver within the (coarse) information intended 
for both. This method of superimposing or 
embedding information, i.e. broadcasting in an 
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MR fashion, where the 'detailed information" 
meant for the stronger receiver necessarily includes 
the 'coarse information meant for the noisier 
receiver, is more efficient than 'naive independent 
sharing' of the broadcast channel resources in time 
or frequency among the receivers. An efficient end- 
to-end broadcast system should have its transmis- 
sion {modulation) constellation matched to its source 
coding scheme, and this is the crux of our work, 
which we undertake in an MR environment. 



'threshoided' SR. digital schemes, which have no 
reliable coarse information to aid in the full-resolu- 
tion reconstruction. Although the simulations we 
present are for a two-resolution system, in theory, 
the principle holds for any number of hierarchical 
levels desired, and would result in a 'fractal' modul- 
ation constellation, although at increased complex- 
ity and decreased practicality. A practical way of 
introducing more resolutions, with the aid of 
embedded ECCs is described in (9). 



3.2. Joint MR source coding/MR modulation 

Though the problem of joint source and channel 
coding has been addressed previously in various 
coding contexts [6-S], in this work we propose the 
idea ordesigning an MR transmission constellation 
that is matched to the MR source coding scheme 
described earlier for a broadcast environment. We 
match the analog MR modulation (QAM) constel- 
lation (or MR QAM) with the digital (possibly 
joint source/channel coded) bitstream output by 
the MR source via a matched modulation design 
parameter A to be described shortly. 

Cover's idea of embedded transmission justifies 
the choice of an MR transmission scheme, the 
power of which is further reinforced by the MR 
nature of the source coder which we seek to match. 
Thus, while embedded transmission for broadcast 
makes information theoretic sense even for a non- 
MR source, it is even more natural when the source 
coder is hierarchical in nature, e.g. the various reso- 
lution layers of the spatio-temporal pyramid 
scheme described earlier. To retain the robustness 
of digital schemes while catering to the graceful 
degradation nature of analog schemes, we propose 
an MR all-digital scheme that combines the two 
features. The experimental results of Section 4 (see 
Figs. 4 and 5) highlight the importance or having 
multiple resolutions for digital broadcast. The 
presence of a robust coarse resolution channel, 
accompanied by error concealment techniques like 
motion-compensated previous-frame, replacement 
at the decoder, can lead to a substantial increase 
in the high quality reception area over that of 



4. Experimental results 

-1.1. MR64-QAM 

In order to match the MR transmission constel- 
lation to the MR source coder, we simulated an 
MR source coder with 2 resolutions, coarse and 
fine, which emitted digital bits in the ratio of 1 :2. 
The basic idea (see Fig. 2) is that the 64-QAM is 
clustered into 4 'clouds' of 16-QAM constellations. 
For every 6 bits emitted by the ( l:2 source (of 
which 2 are coarse and 4 detail), the 2 coarse bits 
select one of the 4 clouds, while the 4 detail bits 
select one of the 1 6 points within the selected cloud. 
By 'matching' the relative distances between intra- 
cloud constellation points (£>,) and inter-cloud 
points (D : ), whose ratio is a design parameter X, 
to the relative 'information contents' of the two 
bitstreams (one measure is the SNRs associated 
with the two bitstreams), one obtains an efficiently 
designed joint MR source/MR transmission sys- 
tem, and for a given receiver CNR, one can find 
the optimal A that achieves a minimum expected 
distortion. Further, for a given 'broadcast cost 
function' encompassing the entire range of broad- 
cast CNRs, which no doubt includes such factors 
as population density, one can find an 'optimal 
broadcast X' for the constellation in question. 

For our experiment, the bitstreams comprising 
the two resolutions were arrived at by clustering the 
two coarser layers of the 3-layer spatio-temporal 
pyramid or Section 2 along with indispensable 
information (like motion-vectors and synchroniza- 




(ion bits) as ihe coarse virtual channel, and the 
bottom pyramidal layer as the fine virtual channel. 
Since our efficient MR source coder presents 
redundancy-stripped Huffman encoded bits to the 
modulator, isolated channel bit errors could be 
potentially catastrophic unless blocks of bits are 
decoupled as packets. To balance the tradeoff 
between error propagation and packet header over- 
head, a packet size of 1080. comprising 360 bits of 
coarse data and 720 bits of detail data, was picked 
for the simulations. A performance comparison 
was done on the basis of probability of packet loss, 
wiih individual bit errors assumed to cause their 
entire 'host' packets to be corrupted. The coarse 
and fine packelized channels formed by the cluster- 
ing method described above were adjusted to be 
in the ratio of roughly 1:2 to match the channel 
constellation of 2 level MR 64-QAM, while pre- 
serving high SNR and perceptual quality. The two 
streams could be interpreted as entering virtual 
independent buffers with throughputs in the ratio 
of 1 :2, with instantaneous temporal mismatches in 
the input channel rates being absorbed by the 
buffers and, if necessary, to prevent overflow or 
underflow, resolved by exchange of data between 
the buffers, resulting in minimal degradation for 
slight mismatches. 



Error concealment 

Due to the nature of the broadcast communica- 
tion, it is impossible (or perhaps impractical) to 
achieve error-free transmission. Bitstreams are 
often packetized to speed up resynchronization in 
case of a channel error, but a single bit error still 
renders the whole packet unusable. Recursive sys- 
tems (motion-compensated hybrid DCT being the 
typical example) take much longer to recover, spe- 
cifically until the next restart or the prediction loop. 
An error concealment scheme is often required to 
mask those errors and provide a gracefully degrad- 
ing picture. The source coder we have used is based 
on a finite memory structure, and errors would not 
accumulate but die out within a few time samples. 
The structure used in conjunction with the MR 
modulation also allows very successful error 
concealment. 

Simulations show (hat for typical values of A, at 
the same CNRs for which the fine channel packet 
error rate is greater than 10"', the coarse channel 
is almost perfect (packet error rate less than 10"'). 
Therefore, most ol" the errors will occur in the fine 
detail, and a coarse version and motion vectors 
will be available for concealment. The concealment 
strategy differs slightly for the frames that are inter- 
polated spatially or temporally, and assumes that 
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Fig. 3. Rescluiions of I) 



(a) Coarsest layer, (b) Intermediate layer, (c) Full-resolulio 



ihe motion vectors and the selected interpolation 
mode for each block, which are transmitted in the 
robustly protected coarse channel, are intact. Thus, 
a concealment strategy based on motion compen- 
sated interpolation gives excellent results even in 
extreme cases of fine channel packet loss. Complete 
loss of a frame can be tolerated, and sustained 15% 
packet loss rate causes no visible loss in quality. 
Figure 4 shows the effect of 15% fine-packet loss 
(obtained for A = 0.5, CNR = 25.5 dB/symbol) on 
the spatial residual of the sequence, with Fig. 4(c) 
showing the reconstructed quality, while Fig. 5 
illustrates the power of error concealment in an 
MR environment. 

4.2. Comparison of MR. independent and SR 
constellations 

Simulations were carried out for an Additive 
White Gaussian Noise (AWGN) channel for the 3 
cases under conditions of equal power and equal 
average spectral efficiency. The independent case 
refers to separate transmission of the coarse and 
fine channels using 'naive multiplexing' of the fre- 
quency spectrum. To compare the MR versus inde- 
pendent constellations, an MR 64-QAM (of free 



parameter A), and a 16/256 QAM (coarse/fine) 
independent constellation pair were picked. The 
independent channels have a spectral efficiency of 
4 b/s/Hz and 3 b/s/Hz, or an average spectral 
efficiency (6 b/s/Hz) identical to that of the MR 
64-QAM. While a detailed description of the simu- 
lation results is provided in [9], a 'threshold' ver- 
sion is shown in Fig. 6(a). 

Consistent with perceptual effects, thresholding 
for the fine channel has been applied at fine packet 
and coarse packet loss rates or 10"' and 10'', 
respectively. The seemingly high fine channel 
packet loss rate still results in nearly flawless full 
resolution quality due to the incorporation of error 
concealment techniques at the MR decoder, as 
mentioned earlier. To be fair, the SR scheme has 
been thresholded at the same error rate as the 
coarse packet channel, as they both represent tran- 
sitions from the region or no signal to the region 
of discernible signal. 

As can be seen from Fig. 6, the MR constellation 
outperforms the independent one over all ranges of 
CNRs Tor a certain range or values or A (e.g. A = 
0.2). To perform a comparison or the MR and 
SR cases, we included a source coding penalty of 
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a) SNR versus Receiver CNR. (b) Broadcast ranges for ihe different constellations. 



Fig. 6 indicate the tradeoffs involved. Even under 
these worst case assumptions, it can be seen that 
the MR scheme is attractive. From the broadcast 
area coverage plot of Fig. 6(b), it can be seen that 
the embedded MR scheme outperforms the multi- 
plexed MR scheme, as promised by information 
theory; moreover, the tradeoffs between the 
embedded MR schemes and the SR scheme reveal 
how. at the cost of some mid-region suboptimality 
(see for example A = 0.5), the MR schemes increase 
the broadcast coverage area considerably. 



5. Conclusion 

We have demonstrated a multiresolution (MR) 
joint source channel coding including an MR trans- 
mission modulation, in order to achieve efficient 
broadcast oTdigilal HDTV. We note that joint MR 
source channel coding using a source coder 
matched to an error correction code and/or a mod- 
ulation constellation, would provide an efficient 
end-to-end MR system. The threshold effect plagu- 
ing single resolution (SR) systems is softened by 
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a stepwise graceful degradation similar to analog 
systems, without sacrificing the source coding 
advantage of digital schemes. We establish the 
superiority, as promised by information theory, of 
an embedded MR transmission scheme over 

lutions. and point out the tradeoffs in robusti 
and broadcast area coverage of low and high r< 
lutions between embedded MR and SR digital sys- 
tems for QAM constellations. We describe th< 
benefits of resorting to an all-digital end-to-end 
MR design in exploiting the state-of-the-art digital 
compression and error concealment techniques to 
increase the coverage area and robustness for high 
quality HDTV digital broadcast. 
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SYNTHESIS OF MULTICHANNEL ORTHOGONAL VSa SIGNALS BY QUADRATURE METHOD 
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method. In order to increase t 
svstem design, we obtain the co 
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the multiplexed 
imolemented by quadr 
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tions for the orthogonal VS3 
^Transmission to be reali'.ed in the system implemented 
: .v'"y tnTs method are obtained and the characteristics ot 
tne low pass filters used are determined Two kinds 
„f filters used to implement the modulator and the 
: moiu "tor are characterized by the common amplitude 
^ characteristic satisfying the Nyquist criterion with 
- less than SO percent rolloff and the phase character- 
'•" istics wUh 90 degrees phase difference in the rolloft 

INTRODUCTION 

Multichannel PAN transmission can <>"« an *f"\ d 
cient method of transmitting data through a bandl united 
transmission medium with nonuniform irequency response. 
' The amount of information transmitted trom a trans- 
. nitting end to a receiving end is genera 
• the channel capacity, but it approaches to the capacity 
i if the ootimum multichannel PA.M transmission ij in 

• number of data channels is used.(l] The optimum 
system is unrealizable because it requires laeai 
rectangular filtering, hence an eye does not open wnen 
used for data transmission. 



PAM 



s'mVan be adopt 
this difficulty w 



is ins Chang's orthogonal 
instead in order for ove 
>ut losing the efficienc 
se orthogonal "S«als ha 

hannels of a half of th< 
They are regarded as at 



frequency spacing 
baud rate of each channel 

extension of the VS3 signal in ""'771 
and the Nyquist signal in baseband transmissio 
multichannel signal set and constitute one 01 
efficient signal set in respect of the frequen 
width utilitarian. We refer to them as -Ortho 
VSB Signals' 

l .1.. ...hnnrimiiin svstem using these 



ORTHOGONALITY CONDITIONS 



svstem is shown in Fig. I. 
a' single linear equalised 
UjCn)> Cj/0 I.....M-0 I 
symbols or the ) th cnann 
amplitudes proportional t 

e h '..i ' n d"n impulse resp 
• every T seconds. 




Fig.l. A model of N channel 



e orthogonal VSB signal 
respects of the frequen 



"uboptimua system. . Cha ^ r ^°^ J Jn "" 



e purpose of offering prac 



ChC distortionless^ata transmtssion^tnou 
s^bo"ano interchannel interference is tha 



The sec of filters satisfying (1) wich the mini- 
mum bandwidth is that of nonoverlapping rectangular 
filters each of which has the Nyquist bandwidth: 
BM/2T. Practically, the data transmission system 
using these filters is unrealitable because an eye of 
the received signal does noc open. Tne set of Chang's 
orthogonal signals[2), or the orthogonal VSB signals 
occupys much the same bandwidth as the theoretical 
minimum and does not conflict this difficulty. 

First, we review the Chang's criterion. Suppose 
FjM Cj = 0. 1 .... ) is represented by 

Fj(u) = |Fj(u)| exp(i 6j(u.)> (2) 
Let Qj(u) (j = 1,2, ...J denote the rolloff character- 
within (-ii/2T.r/2T). 'we define the amplitude charac- 

I 2 ■ T(X «/T(|u| - ja/T) .Q 2j (|u|- j"/T) 

- Q 2j »i Ci«| - (W)"/T)l (3) 



(3) and (d) has a great deal of freedom. Now we res- 
trict our attention to the following signals of prac- 
tical inprotance: 



Suppose all the roffoff characteristics Q; (u) 
(j = 1.2,...) are identical and equal to Q(-j) , so 
that the amplitude characteristics of Fj(u) are ex- 

iFnCull 2 - T(X K/T(hj) - Q(|u>j - */!)} 
|F j(u )| = |R( U . (2M)a/2T)| (j=1.2...) (5) 

|R(u)| 2 ■ TlX n/2T(|u|) - QC |o>| - *V2T)} (6) 

Also suppose all the phase characteristics 9.(w) are 
identically shaoed and einrp^^Ml in t.i > n hv rh, 



Jjfu) = 3(0) ■ (2j.l) */2T) (j = 1,2,...) 
the phase characteristics must satisfy (<),i(ul 



6j( u ) - 9j»i(ti] > (m - j )n . V j (u - (j*l)u/T) 
(•>) 

in the region |u - (M)a/Tj < n/2T, where Yj(w) is 
an arbitrary odd function and m is any integer. Then, 
the function set (Fj(w)J (j = 0,1,...) satisfies the 
generalized Nyquisc criterion. An example of the 
amplitude characteristics of these signals is shown 
in Fig. 2. 
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?(u) = (m - j ) y sgn(ui) 
- ?,a n sin 2no-T 



i (a,,) is an arbitrary .r 



*(") ■■ |R(«-)i exp (i«(u>)> (10) 

where the amplitude characteristic |R(li)| is given by 
(6) and the phase characteristic *fu>) is given bv (9). 
Since | R(tu) | is even and ?(u) is odd, the inverse 
Fourier transform r(c) of R(di) is real. Using the 
function R(u), we have an expression of Fj (w) in 

Fj(u) = R( u -(2j.l)ir/2T) exp{i*(U-(2j*l)V2T)) 



from (2), (5), and (7). By 
even functionKw) in (11) tc 
the following 



The transmission bandwidth of the multiplexed 
PAN system using the orthogonal VSB signals is only 
1/4T wider in baseband transmission or 1/2T wider in 

system using rectangular filtering. These excess 
bandwidths become negligible when the number of 
channels is large. The function set (F j (u) } satisfying 



A set of functions (fj(t)l (j - 1,2,...) defined 

by 

f.(t) - 2r(t) cos( (2j*l)*t/2T .T) (12) 

satisfies the generalized Nyquist criterion, where r(t) 
is a real function with the amplitude and the phase 
characteristic represented by (6) and (9) , respec- 
tively, and+is any fixed constant. 

If we put * =■ 0 in (12). the amplitude and the 
phase characteristic |F 0 (u)| and 6 n (u) of the 0 th 
order function f 0 (t) * 2r(t)cos itt/2T satisfy (5) and 
(7), respectively. Thus, the theorem hotds for j=0,l,2,. 
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Corollary 

A set of functions (fj(t)} (j ■ 0,1.2.. ,)def 
^ fjCO - 2 rCt) cos(2j.l)ir l /2T ( 
satisfies the generalited Nyquist criterion. 

SYNTHESIS BY QUADRATURE METH00 
From (12) we have 
l 2j-lW = r c( c ) =osC2j«t/T-+) - 
r s (t) sin(2jnt/T • «) 
f 2 j(t) ■ r c (t) cos(2j"t/T • 4) • . 
r s (t) sin(2jrt/T •*) 



Signal q(t) is 

h 2j-l (t) = \ qCT) f 2j-l (T " 0 d 



By using (14), we 



s UC/2T 



r,(0 ■ "2 r(c) s 



»enerated by quadrature method using two kinds of low 
□ass filters with the impulse response r,.(t) and r,(t) 
respectively, and the carriers cos(2jut/T ♦ *) and 
sin(2inc/T Since the 0 tn order function f 0 (t) 
5In ;:i" .... r.. r_frl my function 



in (13) agrees 

represented by (13) is also generated 
filters. These facts — ••«•<« '» >™ 



the function 

ised to implement t 



e transmitting signal of t 



lator is shown in Fig. 3. 
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h 2j .,(nT) - ^ " q(T)( cos(2j^t/T •») r c (T - nT) 
- sin(2j"T/T r s (T - nT)i dt 



(nT) = ^ " q(T)Uos(2j-T/T •*) r e ( T - nT) 

- sin(2j"-/T -,) r s ( t - nT) ; dl 



^ " ,( T ) cosl2j.iT/T r c (T- nT) i 



resoonse r r (-!;) and r.(-t). respectively, two multi- 
pliers. an C adder, and'a subtracter, as shown in Fig.4. 

MULT. LPF 



«2j-lC") f 2j-l( l " nT ' * *2j (n) fj i (t ■ " T) 

= (x 2 j-l(n) • x 2j (n)) r c (t - nT) eos(2jn/T.*) 
• (-x 2j .,Cn)*X2jCn)5 r s (t-nT) sin(2jn/T. * ) 




cos(^f«) sin(^( 



impulse relponse'rcCti^and ^("O aroused as the mod. 
EXTENSIONS 

We have shown the orthogonal VS3 transmission 
is implemented by quadrature method using four 
kinds of low pass filters, two in the modulator and 



instruction of Fig. 3 



sties of t 
ermined by (IS). In order to in 

freedom of the filter design, 
o the modulator and the demodula 
espectively, and obtai 



3-27 



the r " u,ts "ithout proof. 

fi U Fio°^ ?*" """ruction 

« Fig. J. in which two filters arc 
=°."«ncy band (o. 3/tr] and 



have the unde erm „ed w?, blnd <°- W and 
»nd the transfer functlo^ i J f"P<»>" r c (t) and r (t) 
"d the carrier! £ ^"^W^M:,"^"-^ 

:^^:»^r^^^;:t 0 h-^^- ( ^^ , 

as the one ,h nim c:_ . . 5 cfte "me construction 



the impi 



-•/ ... S ui« r trequer 

— — e deaodulator has the <°„ r "'" v °- 

e shown in Fit 4 in * fc i ! ""Cruction 

he cha n ne r ? s er ul f th r £l ^J 0 " 4 f i <* to hoid between 
e equal to « 0 and R r f,u) ,0^0'/,^' th * pha " *' ,llust 
Wist criterion, r«o!e??J.f; ( ' " ci ">che 

cl J and a s (oi) represented by 



f B c(" - 
a cM= 3 eo («) 
' 3 e ( u . 



(16) 

I 3,0. . i/T) . 3/4 | U .„ /T , « bB/T 
respectively, except for an arbitrar an 

E"€ : cl°E^ 



dulacor 

[f w 



- shUcs b 
*y of the 



" Che orthogonal VSB transmission 



The 



low pass filters R (su) and R. (u , , 
Y Che common amplitude characters! 
Nyquist criterion with h < n i 
i»ics with the phase dif 



rolloff region |<j- ff /T| 
" '-.cdorn. If ue fur ' 
so as to satisfy 




an/ts a T' iCUde ^aracter- 



CONCLUSIONS 

Che ^u"o%^t^^e" o j u C fi t °" h0<1 / f i»P'«enti„g 
VSB transmission system by nuaHrlf" the orthogon: 
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Ci) Higher efficiency is attaint in ^ c 
quency ulilitation because the excess bad HI, 
"eases as the number of multiplexed channels incr 

(U) It has less sensitivity to the dis-orti, 
">f the transmission medium because each rk„ . V 
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is attained in each channel. 

(iv) A high speed modem is implemented by the use 
. o£ low speed components, so that the techniques of 
^"digital filtering and automatic equalization can easily 
'■ be applied, although, the larger is the number of chan- 
nels, the more components are required. 

With the above features, the orthogonal VSB trans- 
mission will complement the defects of the conventional 
modulation techniques and will find many advantages in 
the field of digital transmission of the following 



(i) High speed, non-regenerative PCM transmission 
via coaxial cables, submarine cables, radio links, etc. 

(ii) PCM transmission via communication satellites. 

(iii) PQ1-F3M transmission. 

(iv) PCM-FM microwave transmission. 

(v) High speed data transmission via telephone 
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I. Introduction 

THIS PAPER attempts to develop some intuition on the 
general topic of the simultaneous communication -of 
information from one source to several receivers. Examples 
of simultaneous communication include broadcasting 
information to a crowd, or broadcasting TV information 
from a transmitter to multiple receivers in the area, or giving 
a lecture to a group of disparate backgrounds and aptitudes. 

We will find that our proposed model will also be 
applicable to the situation of compound channels, where 
the transmitter does not know the true channel charac- 
teristics but wishes to transmit at an interesting rate to the 



The general broadcast channel with k receivers is depicted 
in Fig. 1. Details of this formulation are made precise in 
Section III. The basic problem is to find the set of simul- 
taneously achievable transmission rates (R x ,Ri, • • •,/?,)- 

Suppose that the transmission channels to the receiver 
have respective channel capacities C l ,C 2 ,-",C» bits per 
second. The first approach that suggests itself is the maximin 
approach— send at rate C„,„ = min {C U C 2 ,- ■ ■ ,C k ). Even 
this modest goal is only possible when the channels are 
compatible in some sense (sec Section IX for the general 
expression). If the channels are compatible, each receiver 
will understand perfectly at the rate R = C al „ bits/s. Here 
the transmission rate is limited by the worst channel. At the 
other extreme, information could be sent at rate R = C„,„ 
■ with resulting rates R, = 0, i = I, 2, • •, k - I , for all but 
the best channel, and rate R k = C„„ for the best channel. 
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Broadcast channel. 



The next idea is that of time sharing. Allocate proportions 
of time • • A; 2; 0, £ = 1, to sending at rates 

Ci.CjV • -,C t . Assuming compatibility of the channels and 
assuming C, £ C 2 S • • • S C„, we find that the rate of 
transmission of information through the ith channel is 
given by 



i = 1,2, • -.k. 
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To our knowledge, no other schemes have been discussed 
in the literature, nor has the problem of the broadcast 
channel been formulated. 

In this paper, wc shall show that even this family of rates 
can be exceeded. In particular, it will be shown that for a 
slight degradation in the rate for the worst channel, an 
incrementally larger increase in the rate of transmission can 
be made for the better channels. The heuristic that will 
result from our discussion will be that one should not trans- 
mit simultaneously to several channels at the rate or the 
worst channel, nor should one attempt to transmit infor- 
mation by a time-sharing or time-multiplexing method, but 
rather one should distribute the high-rate information across 
the low-rate message. 

Examples of good encodings for a family of binary 
symmetric channels and for a family of Gaussian channels 
will be presented. Also, the extreme case of orthogonal 
channels, in which it does not matter that one is trying to 
send two messages at once to two different people, will be 
considered, as well as the other extreme of incompatible 
channels, in which the transmission of information to one 
receiver precludes the transmission of information to the 

II. Two Binary Symmetric Channels 
Before proceeding with the precise formulation of a 
broadcast channel in Section III, let us pursue the case of 
two binary symmetric channels in heuristicdetail. Unfamiliar 
terminology may be found in Ash [1] and Section III. 
Let. the input alphabet be X = {1,2} and the output 
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Fig. 2. Two binary symmetric ch 



alphabets for receivers 1 and 2 be y, = {1,2} and Y, = 
{1,2}. Let the channel matrices be given by 



Lo ij 



lp pi 



CD 



as depicted in Fig. 2. 

Thus channel I is noiseless and channel 2 is a binary 
symmetric channel (BSC) with error probability p. The 
corresponding channel capacities are C, = 1 bit per 

mis n sion 5Si0n an<i Cj = C(P) = ' ~ H(P) bi " Pef tra " 5 ' 
The maximin approach would have us transmit at rates 
= (C 2 .C 2 ) as shown in Fig. 3. (The maximin 
points are loosely called the minima* points in the figures. 
Although not generally equal, minimax and maximin are 
equal in all examples depicted in the figures.) These rates can 
indeed be simultaneously achieved by using a standard 
(2" 1 ",/!,/.„) code for channel P, (sec Wolfowitz [2]). 

At the other extreme, we may'send at rate R x = 1 with 
zero probability of error to receiver I, with a resulting rate 
rt 2 = 0 for channel 2. Then, by allocating a proportion or 
time /. to sending at rate (C,,C,) and a proportion of time 
1 - /. to sending at rate (1,0), we obtain the family of rates 
shown by the straight line in Fig. 3. This we shall call the 
time-sharing lower bound of the set of achievable rates. 

Now let us sec how to do belter. We know, from the 
random coding proof, that a good (2" (C '-",n,;.,) code can 
be generated by choosing at random a subset 5 of 2" (c '-" 
elements from the set of 2" binary n-sequences X" = {1,2}" 
and using the decoding rule that assigns the received vector 
y = (yi.yi,- VC,) to the element of 5 that is within 
Hamming distance n(p + e) of y. 

Let us choose a code or this form designed for a somewhat 
noisier channel; namely, the cascade or a BSC or parameter 
p and a BSC or parameter a, resulting in a BSC or parameter 
ip + ip, where a = 1 - a. Thus there will be only 
2»(C(« P t.p) i) CO( j ewort j s j n ttl j s set ^ a | arger nQlsc Q j. 
size n(ap + ap) will be tolerated. 

We now take advantage or this tolerance by packing in 
some extra message information intended solely for the 
perfect receiver Y, . 

With each codeword x in 5 £ X" = {1,2}", we will 
set or all codewords at Hamming distance 




Fig. 4. Space of codewords for BSC. 

equal to [a/i], as suggested bv the clouds of points shown in 
.Fig. 4. 

This code structure allows the transmission of an arbitrary 
integer re {1,2,- ■■,2" |C "' t5 "-''} to both receivers I and 2 
and an arbitrary integer 

'•('•>•"• (m)) 

to receiver I. (See Section III for forther elucidation or these 
ideas.) The message (r,s) is sent in the following manner. The 
integer r designates the cloud, and the integer s designates the 
point .r e {1.2}" within the cloud. This n-sequence .r is then 
transmitted. The perfect channel receives y, = .v and thus 
correctly decodes both r and s. Since there are 



R, A - log 2 ""<*>2"<W'>-" = C(ap + i P ) + H (a) - t. 

(2) 

Channel 2 perceives the cloud center as ir it had been sent 
through an additional BSC or parameter a (due to the choice 
or s). However, since the cloud centers were chosen to be 
distinguishable over a BSC or parameter otp + ip, we see 
that r is correctly decoded by receiver Y,. Thus 



y? 2 = C(ap + ap) - 



(3) 



a for DSC. piyiJi I *). t0 consist of three finite sets *,y,,y 2 and a 

collection of probability distributions />(,- 1 x) on y, x y 2 , 
one for each .t e X. The interpretation is that x is an input 
the channel and y t and y, arc the respective outputs at 
:eiver terminals I and 2 as shown in Fig. 6. The problem 
is to communicate simultaneously with receivers I and 2 as 
d 1 generates the new ach.cvaoie set o, rates shown m e(ficienll ossible . 

ig. 5. Wc strongly believe that Fig. 5 cxhib.ts the optimal ^ ^ dcve , opment of this papcr wc shall need knowl- 



Fig. 5. Set of achievable r 



This argument suggests that is jointly achievable. 

The Appendix contains the proof. Letting 3 range from 0 
) I generates the new achievable 



region of achievable 

This curve dominates the time-sharing curve. We note also 
that near the minimax paint, the slope is zero. Thus an 
infinitesimal degradation in the rate for the poor channel 
will allow an infinitesimally infinite increase in the rate for 
the good channel. Consequently, at least for two BSC, 
superposition of information dominates time sharing. 

This example naturally leads to a conjecture concerning 



For the development of this papcr w 
edge only of the marginal distributions 

Pl (y. I*) - E Kyi.ril*) 



(4) 



: have designated in the examples by channel 
, , f matrices P and />, of sizes |*| x \Y t \ and |*| x \Y Z \, 
the evaluation of the capacity region for a specal class of « »^ - ^ Qr independenCB 0 r 

broadcast channels in which one channel .s a degraded v ^ ^ ^ constraint that 

of the other. 



Definition: Let P and Q be channel matrices of size 
|*| x | y, 1 and |*| x |y 2 |, respectively. Q will be said to 
be a degraded version of P if there exists a stochastic matrix 
M such that P = QM. Shannon[6] has shown that the 
capacity of channel Q is not greater than that of channel P. 

Conjecture I: Let 5 be an arbitrary |*| x |*| channel 
matrix corresponding to the channel density p(.v | j) and 
let p(s) be an arbitrary probability distribution on *. Let 
p(s) induce the joint distribution pCyt.yj.i.x) = p(s)p(x\s) 
P&i.yi I x) on (y u yt,s,x). Lct^ 2 be a degraded version of 
/>,. Then the set of achievable (R 0 Ri) pairs for the broad- 
cast channel (X, p(y it y 2 \ x), Y t x YJ is 
(/(5;y 2 ) + U.XJ, | 5), nS JJ); generated by 
5 and probability distributions 

The two-BSC example in this section is a special case or 
this conjecture. The code that achieves (R u R-,) is construc- 
ted in an analogous manner. At the time of this writing, 
P. Bergmans at Stanford has made some progress on the 
proof of this conjecture. In fact, Bergmans' considerations 
have allowed me to modify the conjecture from an initially 
more ambitious version involving a larger class of channels 
mentioned in [6]. I no longer have any basis for belief in 
the more ambitious conjecture. 



y, and y, given * is irrelevant, given the constraint that 
the decoding at the two receivers must be done indepen- 
dently. 

The nth extension for a broadcast channel is the broadcast 
channel 

[X",p(y l .y 1 \x), y," x m. (5) 
where p(j-„y 2 I x) = lTy- , piyxi^i I for * 6 X "' 

y { e y,". y 2 6 y, n . 

An (.{M„M 2 ,M,i),n) code for a broadcast channel 
consists of three sets of integers 



ill channels 



R 


= (1.2, • 






= {1A ■ 




Si 


= {1.2. • 


■Mi). 



an encoding function 

x: R x S, x 5, - X\ 
and two decoding functions 

y,"- R x S.ij.fy.) = 
ff2 : y 2 " - A x S 1 ;g 1 {y 1 ) = PW- 
: (xOv,^) I e /? x 



III. Definitions and Notation 
We shall define a two-receiver mcmoryless broadcas, se, of codewords. As illustrated in Fig. 6 we tl 
channel, denoted by (*, I *). V, x /,) or by integers „ and „ as being arbitrary chosen by the t, 



o 



0 



miner to be sent to receivers I and 2, respectively. The 
integer r is also chosen by the transmitter and is intended 
to be received by both receivers. Thus r is the "common" 
part of the message and j, and j, are the "independent" 
parts of the message. 

An error is made by the ith receiver if $,(>-,) * (r,s,). If 
the message (r,j„jj) is sent, let 

W^lSi) = Pr (SiCy,) ,* (r,s,)}, i = 1,2. (6) 



e will often designate this c 



of a broadcast channel, 
plicitly by ;.,'">, p,<"'(e). 

Definition: The rate (R,.R 2 ,R,2) is said to be achievable 
by a broadcast channel if, for any £ > 0 and for all n 
sufficiently large, there exists an ((M^MiM^.n) code with 
Af.iW.j £ 2""' 



error for the two channels, 
e the only chance variables in 



denote the probabili 
where we note that y 
the above expression. 

We denote the (arithmetic average) probability of error 
in decoding (/•,*,) averaged over all choices of j 3 by 

'•.('■•'.) = j£ jc (7) 

Similarly, for channel 2 we define 



Finally, we define the overall arithmetic average probabilities 
0/ error of the code for channels 1 and 2 as 



Af 2 M I2 i 2""' 
M l2 s 2"*' : 



= Af,A/i,tf„. 



(11) 



The overbar on p t (e) will serve as a reminder that this 
probability of error is calculated under a special distribution ; 
namely, the uniform distribution over the codewords. 
We shall also be interested in the maximal probabilities of 

<*.• = ™* PrfffiCj-i) * (M,) I (r,i„J 2 )}, i = 1,2, (12) 

corresponding to the worst codeword with respect to each 
channel. Note that /., S p,(e). 

We shall define the rate (A,,*,,*,,) of an ((W,.Af 2l 



(14) 

such that pV'M < 6, p 2 ( "'(e) < e. 

Comment: Note that the total number M = M t M 2 M X2 
of^codewords for a code satisfying (14) must exceed 

Definition: The capacity region 9i* for a broadcast 
channel is the set of all achievable rates (tf,,^,,* 12 ). 

The goal of this paper is to determine for as large a 
class or channels as possible. 

Comment: We shall sometimes let 9!" also denote the set 
of achievable (R U R,) pairs. However, at this stage in our 
understanding, it seems that sole concern with (R t ,R,), 
with the exclusion or concern with R,„ would result in" a 
coarsened and cumbersome theoretical development. 

Comment: The extension or the definition or the broad- 
cast channel from two receivers to it receivers is notationally 
cumbersome but straightforward, given the following 
comment. The index sets R,S„S, should be replaced by 
2 k - I index sets 1(0), 6 e {0,1,}', NO, with the inter- 
pretation that the integer i(B) selected in index set 
1(9) = {1,2,- ■■,M(0)) is intended (by the proper code 
selection) to be received correctly by every receiver j for 
which 0j = I in 0 = (0„O,, • A). Then, for example, the 
rate of transmission over the nth extension or a broadcast 
channel to the ith receiver will be given by 

R ' = 'n l0S ,.j?„.' V/(fl) = 7, ' 0g jW(0) - (15) 



/V 12 ),n) code by 



In the two-receiver broadcast channel, the corresponding 
>ets in the new notation are R = /(1,1), S, = /(|,0), 
Si = 1(0.1). 

Section IV treats the best two-channel s 
Section V treats the worst. 



- log M l2 



(13) 



IV. Orthogonal Channels 

In this section we shall investigate a broadcast channel in 
which efficient communication to one receiver in no way 
interferes with communication to the other. A movie 
designed to be shown simultaneously to a blind person and 
a deaf person would be such an example. 

Consider the broadcast channel with X = {1,2,3 4} 
K, = {1,2}. V, = {1,2}, with 



all defined in bits/transmission. Thus is the total rate of 
transmission of information to receiver /', / = 1,2, and R, 2 
is the portion of the information common to both receivers. 
Comment: When /., and p,(e) refer to the /ith extension 
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Fig. 8. Achievable rates for Ihe orthogonal channel. 



Fis. 7. Orlhogonal channel, 
as depicted in Fig. 7. As before, 

(/>»),, = Pr (Y k =j\x = i), k = 1,2; j = 1,2; < = 1,2.3,4. 

We easily calculate C, = C 2 = 1 bit/transmission. 
Clearly, from the standpoint of receiver y„ inputs x = 1 
and* = 2 both resulting = I with probability 1 andean 
therefore be merged. Proceeding with this analysis, we find 
that y, can determine only x e {1,2} versus x e {3,4}, while 
y, can determine only x e (1.3) versus -x 6 {2,4}. 

For this example, C, = 1 and C, = 1 and are, respec- 
tively, attained for Pr {x = 1 } + Pr fx = 2} = i and 
Pr {.x = 1} + Pr {x = 3} = +. Solving these simultaneous 
equations, we find {I(X\ Y l ),l(X\Y 1 ) = (1,1) can be 
achieved by Pr (x = /} = |, / = 1,2,3,4. This in itself does 
not guarantee that (C^C,) can be simultaneously achieved. 
However, there does exist a coding theorem for this channel. 
Let u l e {1,2}, « 2 6 {1,2} denote the message bits that we 
wish to transmit to Y { and Y lt respectively. 

Make the association from pairs of u to input symbols 

= (M)i-I 
(«„«,) = (1,2) .-.2 
= (2,1)^3 
(",.«,) = (2,2) ~ 4 (17) 
and send the appropriate input symbol x. Then y x = u, 
and y x = u 2 , and capacities C, and C, are simultaneously 
achieved. Since u l and u 2 may be chosen independently, wc 
may also achieve R l2 = 1 by this scheme. Fig. 8 shows the 
set of achievable rates. The upper, bound theorem of 
Section VIII establishes this region as optimal. 

The noiselessncss of the channels is not crucial. This 
broadcast channel remains orthogonal in the sense that 
(RlRj) = (C„C 2 ) may be achieved even if we define the 
new channels 




In this case, C, = 1 - //(#■,) and C 2 = 1 - H(r 2 ). C, and 
C 2 may be simultaneously achieved by selecting sequences of 

(2-< c ' ->,„,;. ,<"), ( 2 "< c ' ->,;.,"•>) 

codes with words in {0,1}" such that V» - 0, ;. 2 ( "' - 0, 



as n — co, and selecting x, e {1,2} or x, e {3,4} according 
to the value of the t'th bit of the codeword chosen to be sent 
from the first code and selecting x, e {1,3} or x, s {2,3} 
according to the value of the /th bit of the codeword selected 
from the second code. Here, any R l2 such that 0 £ R l2 £ 
min {C„C 2 } may also be achieved. Nothing more could be 
expected, and each channel performs no worse in the 
presence of the other than it would alone. 

V. Incompatible Broadcast Channels 
In a search to find the worst case of incompatibility in 
simultaneous communication we turn to the following 
practical example which, for obvious reasons, we term the 
switch-to-talk channel. 

Example 1—Switch-lo-Talk: Let . 

V. = ?. u {#,} 

n = ?i u {w 




as shown in Fig. 9. 

Each receiver has an indicator tbat lights when the sender 
is communicating with the other receiver. The idea is that 
when the sender wishes to communicate with Y t he uses 
x 6 X lt resulting in y 2 = <p 2 , indicating to receiver 2 that 
the sender is communicating with Y,. Similarly, to communi- 
cate with y 2 , the sender uses x e X 2 , resulting in v, = 
This might correspond to the situation, for example, where 
a speaker fluent in Spanish and Dutch must speak simul- 
taneously to two listeners, one of whom understands only 
Dutch and the other only Spanish. 



0 




Let channel 1 have capacity C,' 01 and channel 2 have 
capacity C 2 <°'. Using the known result for sum channels 
(see Shannon [3]) we find 



Cj = log (1 + 2 C '< 01 ). 
We shall discuss this example informally. Certainly 
Ct.flj) = (C,,0) is achievable and (R U R 2 ) = (0,C 2 ) is 
achievable, and hence, by time sharing, any pair of rates 
(R t .R 2 ) = (XC„Z.C 2 ), 0£i5 |, is achievable. However 
additional information is contained in the knowledge of 
and proper encoding of the transmission times to Y, and Y, 
can be used to send extra information to both channels. If 
channel I is used proportion a of the time, <xC,< 01 bits/trans- 
mission are received by Y,. However. H(a) additional 
bits/transmission are achieved by choosing which channel 
to send through independently at each instant by flipping a 
coin with bias a. In other words, modulation of the switch- 
to-talk button, subject to the time-proportion contraint a 
allows the perfect transmission of one of 2"'"'" additional 
messages to both receivers Y, and y,. 

Thus all of the form "(*,,/?,) = (oC, 101 + 

H(a),aC 2 w + H(a)) can be achieved by choosing the 
subset of n transmissions devoted to the use of channel 1 in 




Fig. II. Incompatible broadcast 



one of the 2""<"> possible ways. This bound cannot be 
achieved unless the information rate R t , common to both 
channels satisfies R tl > H(a). The results are summarized 
in Fig. 10. 

It is an easy consequence of Section VIII that Fig. 10 
corresponds to the capacity region for this channel, and 
therefore that this encoding scheme is optimal for the 
switch-to-talk channel. 

The following example illustrates the worst case that may 
arise in simultaneous communications. 

Example 2— Incompatible Case: Let 

X = {1,2,3,4}, y, = {1,2}, y, = {1,2} 



as shown in Fig. II. Thus if X wishes to communicate 
with Y, over the perfect channel ie {1,2} - Y„ he must 
send pure noise to y 2 . i.e., Pr (y 2 = 1 | x e {1,2}} = +. 
A similar statement holds for X communicating with 

In Section VIII we shall establish an upper bound on the 
capacity region by finding the set of all achievable (I(X | y,), 
l( x \ Y 2 )) pairs- Anticipating these results, we shall make 
this calculation for this example. Let Pr [x = i) = p„ 
i = 1,2,3,4. Define a = p, + Pl , o = > 3 + Then 
//(y,) = H(j, x + d/2) and H(Y, \ X) =«. yielding 
/(JT| y,) = H( Pl + a/2) - a. Similarly, 1{X | y,) = 
1(X\ Y t ) = H{p A + a/2) 

First, fixing a, a and maximizing over 0 £ p, ^ a, 
OSfjSi, we find the maximum values 
I(X\ Y,) = 1 - 5 = a 
I(X\Y 7 )= 1 -a = 5 (21) 
achieved by/), = p 2 = ajl and/> 3 = p t = 5/2. This is the 
upper boundary of achievable (I(X | y,), I(X | y,)) pairs. 

It may also be verified that, Tor any a e [0,1], "there exist 
PlPi.Pi.Pi. achieving any (I(X | Y,),I(X | y 2 )) dominated by 
(a, 1 - a). Thus we have the set / of achievable (l(X \ /,), 
>{X\ Yi)) pairs depicted in Fig. 12. 

In Section VIII it will be shown that this region of jointly 
achievable (/(X | Y,),/(X \ y,)) pairs is an upper bound on 
the capacity region. However, we can trivially achieve any 
pair of rates (/?,,/? 2 ) on the upper boundary of 3? by simply 




Fig. 12. Capacity region for incompatible channels. 

time-sharing the two noiseless channels x e {1,2} -» y, and 
x e {3,4} -> y 2 . If .x 6 {1,2} is used a proportion <* of the 
time, then rates R t = a and R, = i = 1 - a may be 
achieved without any additional coding. Thus the upper 
bound can be achieved with trivial coding procedures, and 
Fig. 12 therefore corresponds to the capacity region. 

Here, then, is an example in which the two channels are 
so incompatible that one can do no better than time sharing 
—i.e., using one channel efficiently part of the time and the 
other channel the remainder. Fortunately, for those wishing 
to get something for nothing, this is the exception rather 
than the rule. 

VI. The Bottleneck Channel 
Consider the broadcast channel in which the two channels 
have the same structure, i.e., 

Pi(y> I x) = Piiyi I a), v* s x, v>.„>' 2 e y, = y 2 = r 

as shown in Fig. 13. We shall term this the bottleneck 
channel! 

Here, wc note that any code for receiver y, is also a code 
with the same error properties for receiver Y v Thus y, and 
Y 1 both perceive correctly the transmitted sequence x with 
low probability of error. 

Let the capacity of channel P be denoted by C, = C 2 = C 
bits per transmission. Now, since both receivers receive the 
same information about X, it follows that both receivers I 
and 2 will be able to correctly recover r, j, and j 2 if and only 
if (R^R^R^) is an achievable rate. Counting the number 
of messages per unit time necessary to transmit (r,j,,j 2 ) 
correctly yields the following proposition [see comment 
following (14)]. 

Proposition: («,,^ 2 ,/? l2 ) is an achievable rate for the 
broadcast bottleneck channel of capacity C if and only if 

R t + R t - R i2 <, C 
0 < R 2 < C 

Oiil,^ C. (22) 

As an important application of these ideas, suppose that 
wc wish to send a random process U = {l/„:n = 1,2,- ••} 
to receiver 1 and a random process V = {V n : n = 1,2, • ••} 



Fig. 13. The bottleneck channel. 




Fig. 14. Achievable rates for bottleneck channel. 



to receiver 2 through the bottleneck channel P with 
arbitrarily small probability of error. (See Fig. 15). 

Assume that U = {£/„} and V = {V n ) are jointly ergodic 
processes taking values in finite alphabets. By jointly 
ergodic, we mean that the process Z„ = {U„VJ is ergodic. 
We recall that the definition of the entropy of an ergodic 
process {Z„} is defined by 

H(Z) = lim n-'tf(Z lt Z 2 , --,Z,). (23) 

We assert the following. 

Fact: Asymptotically error free transmission of {V U U U 
■ ■•.V*} - fA.tfj, ••••#„} and {Y l ,V 1 ,- -,r.} -* {Pi,P 2 . 
••■,?„} over the bottleneck channel of capacity C can be 
accomplished if and only if 

H{U,V) < C. (24) 

Proof: The well-known idea of the encoding is to 
enumerate the 2" mu - y) + " t-typical sequences and send the 
index of the actually occurring sequence (znZj,- ■•,z„) over 
the channel. If H(U,V) + £ < C, then this index will be 
correctly transmitted with probability of error e/2 for 
sufficiently large n. Since the probability that a random 
(z,,i :> - • ■,*„) will be typical can be made si - e/2 for 
sufficiently large n, the overall probability of error can be 
made less than e. The converse follows the standard argu- 
ment for a single channel. 

The generalization of this result to arbitrary broadcast 
channels is unknown. 

Let us now compare the orthogonal channel with the 
bottleneck channel. The orthogonal channel of Section IV 
achieves (A„^ 2 ) = (1,1) with arbitrary joint rate 0 £ 
R l2 S 1. Thus fully independent messages (J?,, = 0) or 
maximally dependent messages (/? n = 1) can be sent 
simultaneously to receivers 1 and 2. 

At the other extreme, in the case of the bottleneck channel 
with capacity C = 1, we can simultaneously achieve Ri = 1, 
R 2 = 1. Here however, it may be seen that achieving 
(Ri.Ri) = (1,1) implies = 1. Thus the messages sent 
to 1 and 2 must be maximally dependent, and in fact equal. 
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Gaussian broadcast ch 



Fig. 17. Time sharing 




Gaussian broadcast channel. 



VII. Gaussian Channels 

Consider the time-discrete Gaussian broadcast channel 
with two receivers depicted in Fig. 16. 

Let c, = (i, •,*!„,• • •) be a sequence of inde- 

pendently identically distributed (i.i.d.) normal random 
variables (RV) with mean zero and variance JV„ and let 
: 2 = •■,*!»,■ ••) be i.i.d. normal RV with mean 

zero and variance N 2 . Let //, < ;Y,. At the ith transmission 
the real number*, is sent and>> 1( = x, + z,,, y 2l = x, + z u 
are received. In our analysis it is irrelevant whether z u and 
z, ( are correlated or not (although in the feedback case it 
may make a difference). Let there be a power constraint on 
the transmitted power, given for any n by 



1 A , 
- I -V 



<, s 



(25) 



for 



y signal x = (x„jr 2 ,- • -,.r„) of block length n. 
is well known that the individual capacities are 
ilog(l + S/N,) and C 2 = -J- log (1 + S/N 2 ) bits/ 
nission, where all logarithms are to the base 2. 
Time sharing will achieve any convex combination of 
(C,,C : ) and (C„0), as shown in Fig. 17. 

Now let us see how we can improve on this performance. 
Think of the signal j 2 (intended for the high noise receiver 
Y 2 ) as a sequence of i.i.d. :V(0,5S) RV. Superimposed on 
this sequence will be a sequence j, that may be considered 



Fig. 18. Decomposition of the signal. 



as a sequence of i.i.d. ;V(0,aS) RV. Here 0 2 a £ 1 and 
5 = 1 — a. Thus the sequence i = j, + s, will be a 
sequence of i.i.d. N(0,S) RV. The received sequences 
y, = J, + *j + j, and y 2 = s, + s, + are depicted 
in Fig. 18. 

Now i, and r, are considered to be noise by receiver 2. 
We see that s u + z u are i.i.d. /V(0, uS + :V,) RV. There- 
fore, messages may be sent at rates less than 

\ los ( l+ S?7rJ ACj(a) 

to receiver V. with probability of error near zero for 
sufficiently large block length n. That is, there exists a 
sequence of (2" (Cl( "'~",/i) codes with average power con- 
straint aS and probability of error p 2 ( "'(e) — 0. 

Now, since iV, < /V 2 , receiver r, may also correctly 
determine the transmitted sequence s 2 with arbitrarily low 
probability of error. Upon decoding of s 2 , given .y,, 
receiver 7, then subtracts j, from y u yielding v, = 
y t — Si = J| + Z\. At this stage channel 1 may be 
considered to be a Gaussian channel with input power 
constraint aS and additive zero mean Gaussian noise with 
variance jV,. The capacity of this channel is + log [1 -r 
(aS/yv,)] = C\(a) bits/transmission and is achieved, 
roughly speaking, by choosing 2" e,< " independent »- 
sequences of i.i.d. (V(0,o5) RV as the code set for the 
.possible sequences Thus receiver y, correctly receives 
both 5, and s 2 . 

This informal argument indicates that rates 



log 



R 2 = - log 1 +■ - 



+ - log 



may simultaneously be t-achieved. for any 0$ j : 
These rate pairs, shown in Fig. 19, dominate the li 
sharing rates. 
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Fig. 1 9. Set of achievable rates for the Gaussian broadcast 



Summarizing the argument, we select a set or 2' IC,( ' ) ~' > 
random ^-sequences of i.i.d. N(0,uS) R.V, and a set of 
2«(C 1 («)-«) random „. S equcnces of i.i.d. /V(0,55) RV. Now 
2"<c\(«) + c,<>)-2i) n . sc q Uerlces are formed by adding together 
pairs of sequences, in which the first sequence is chosen 
from the first set and the second sequence is chosen from 
the second set, and the pairs are chosen in all possible ways. 
A message 

(M,), r 6 {1,2,- ■ .2"< c '<"-"}, s t e {1,2.- ■ , 

is transmitted by selecting the n-sequence corresponding to 
the sum of the rth sequence in the first set and the j,th 
sequence in the second set. Receiver I is intended to decode 
r>,j,) correctly and receiver 2 is intended to decode r 
correctly, thus simultaneously achieving rates 

R t = £,(«) + C 2 M - 2e 

R } = C 2 f» - t (27) 

as given in (26). 

A full discussion of the Gaussian channel would lead far 
afield. A direct simple proof of the achievability of the rates 
given in (27) has been found but will not be presented here. 

We shall conclude this section with one observation. If 
/V, = 0, and channel 1 is therefore perfect, we have C, = co 
and Cj = + log (1 + S//Y 2 ). A compound channel or 
maximin approach would have us send at rates (R U R 2 ) = 
(C 2 ,Cj). However, an arbitrarily small decrement in the rate 
for channel 2, corresponding to 0 < a « 1 in (26), yields 
(R t ,Ri) = (co, C 2 - c) as a pair of achievable rates. 
Although this rate pair does not dominate (Cj,C,), it seems 
vastly preferable. 

VIII. An Upper Bound on Achievable Rates (K„£ 2 ) 
Suppose that p(x), a probability distribution on X, 
generates the pair of mutual informations {!{X | /,), 
I{X\ ^)). where, fori = 1,2, 

1{X I Y t ) = £ Z p(-x)p,(y I *) log . (28) 

Given the intuitive properties of mutual information, it is 
natural to assume that rates/?, = I(,X | /,),/?, = I(X\ 
are therefore simultaneously achievable. .This turns out not 
to be the case. (Close inspection of the example of two BSC 
in Section II, with Pr (x = 1 ) = \ and I (X | /,) = I, 
/(.V i y\) = C,, will yield a counterexample.) However, the 



,ul V 




Fig. 20. Upper bound 3 on capacity region. 

set of jointly achievable mutual-information pairs, properly 
modified to take into account the possibility of time-sharing 
and throwing information away, does yield an upper bound 
9! on the capacity region «RV This upper bound is actually 
achieved by the orthogonal-channel, switch-to-talk-channcl, 
and incompatible-channel examples. 

Thus we proceed to define 91 and establish 9! as an upper 
bound. Let 

/ = {U(x i y,), nx i v 3 )) i P (x) s o, epW = > ) (29) 

denote the set of all pairs (f(X\ Y l ),I(X\ Y,)) generated by 
p(x) as p{) ranges over the simplex of possible probability 
distributions on X. Define / to be the convex hull of /. 
Thus / may be' interpreted as the average joint mutual 
information achievable by varying p(-) with time. Let 

91 = {(R l ,R 1 )eE 1 | R { <. /„ R 2 <; l 2 , 

for some (/„/,) e 1). (30) 

Thus 9? intuitively corresponds to the joint mutual infor- 
mation achievable from 7 by throwing information away. 
These sets are depicted in Fig. 20. We now show 9?* E 9?. 

Lemma I: Given an arbitrary ((/W,,Af 2 ,A/ 12 );;i) code for 
the nth extension of a broadcast channel, consisting of 
words .t(r,j,,j 2 ) e X", r s R, s, e 5,, s 2 6 S 2 , \R\ = M u , 
= My. |5,| = M lt M = MnMyMj-, let f/,J,,J 2 ) be a 
random variable with range R x S, x S 2 . Let (j'i.J'j) 6 
Y t " x >' 2 " be the corresponding random output ;i-scqucnccs 
received by 1 and 2, generated by sending jc(/-,j„jj) over the 
channel. If p,(e) = Pr {(?,,!,) # f/,,1,)} and p,(e) = 
Pr K?i.*i) s* (ri.Jz)} are the receiver probabilities of error 
of the code, then, 

H{X | V,) < I + log Mt + Pl M log M tl My (31) 

H{X | Y } ) <. I + log My + p 2 (e) log M U M 2 . (32) 

Proof: Let the decoding rules corresponding to the 
code be. 

9l : y," - R x 5, 

9l : r 2 " - R x S 2 (33) 

g k M = (juW.J..()'.)). k = '.2. 
Thus, given a random message (/.j,,^) and sequence 
x) k e Y k ", receiver k will make an error if and only if 

ffiO-.) * vVt). * - I 

? 2 (y 2 ) i* (Mi), k = 2. (34) 
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/>.M = Pr {*,(>,) * vV.)} 
P&) = Pr ( gi (y,) * (r,s 2 )}. 



(35) 



We note that 

"(X\y,) £ 1 - !>-,)) 

+ (1 - />.(* I J-,)) log M 2 + Pl (e | yi ) log (Af - A/ 2 ). 

(36) 

where we have used the inequality 

H(a u a u - -,oJ < log/n, (37) 

and a basic composition relation (see Ash [I, p. 8]). We 
have, of course, conditioned on the events g t (y,) = (/■,/,) 
and g x (y,) (r,.s,). Taking the expectation over V,", and 
using the convexity of H(p, I - p) in p, we have 

H{X\ V.) s; #(,,,(,), I - p,( f )) + (| _ P{ ( e)) log ,W, 

+ /7,Wlog(W - AT,). (38) 

Finally, since H(p, I - f ) s I and M = A/ 12 A/,A/, we 
have 

"(*l V.) 5 1 -f log A/, + p,(e) log (AT - A* 2 )/A/ : 

£ I + log,W 2 + />,(e) logM,,,Vf,. (39) 
The corresponding argument for H(X | Y 2 ) completes the 

We shall need the following lemma Ash [I, p. 81]. 

Lemma 2: Let X lt - ■ ■ ,X„ be a sequence of input random 
variables to the (discrete memoryless) broadcast channel and 
Y w'".Y u , y n. ".Y 2 . the corresponding received out- 
put random variables for 1 and 2, respectively. Then 



•.X.I n..' --.nj £ I /(Jf ( in.O. <: = 1.2, 



with equality ifT Y kl ,Y„,- ■ ■ ,Y„„ are independent. 
Proof: 

"(y M .y„, --.n. I *„•••.*„) 

4 - Ea(*.>-») logftCnl*), 
but, because the channel is memoryless, p k (y k \ x) factors 
into a product Updyki I yielding 

= I Pt(*.>J ( Z log p,(>-„| X,) 

= E tf(y», i x,). 



Also, by a basic inequality 

«(n,.- -.y.j <; £ tf(y l( ). 



with equality iff y ti are independent for /= 1,2. ■ •-, 
Since I{X | y,) = H(Y t ) - H'Y k | X), the lemma follows 



We now wish to show that p,<"'(e). p,t">(e) cannot 
simultaneously tend to zero for rates (R„R 2 ) ( 91. This will 
establish 91 as an upper bound on the capacity region for a 
broadcast channel. 

Let /?, = 1/n logAY,Af 12 and .R 2 = l/ n \ogM 2 M, 2 be 
the rates of communication in bits/transmission for receivers, 
y, and y,, respectively. (We recall that R l2 = log A/ 12 is 
the transmission rate for information common to both 
channels.) The proof closely resembles that used by Shannon 
[4] for the two-way channel. 

Theorem: For any sequence of [(2** , 1 2"*',2"*"),n] codes 
(R lt R 2 ) ?S 91 implies that 

(pi w M.pi w M) - (o.o), v. t <"W } ) a (o,o), „ ^ 

Thus 91 is an upper bound on the capacity region for the 
broadcast channel. 

Proof: Given an arbitrary [(/W„Af 3 ,;W 12 ),/i] code for 
the nth extension of the broadcast channel, choose a code- 
word x(r,s„s,) at random according to a uniform distribu- 
tion Pr {r,s„s 2 ) = l/A-/, (/.*,.*,} s R x S, x S 2 , where 
M = MISJISjI. If the codewords x{r, Sl ,s 2 ) e X" are not 
distinct, a simple modification of the proof below will prove 
the theorem. Thus treating the case where the .r(/,j,,jj) are 
distinct, we have H(X) = log M and 1{X | y,) = log \f - 
H{X\ y,), under the given uniform distribution on the 
codewords. As in Section III, let p,'"\e) and p, w (*) designate 
the probabilities or error of the code under this distribution. 
By Lemma 2, 



i(x | y,) i £ i'x, i y„). 



(41) 



i{x | y,) = log m - h'x i y,) < y; /(*,. | y„). (42) 

Finally, since (31) in Lemma 1 holds for any distribution 
on the codewords, substitution in (42) yields 
log /V/ - 1 - log M 2 - p, ( "'(e) log M„M, 

* t KX, I y„), (43) 

which becomes the basic inequality 

k. 4 i log MllMl * ('/") + ('/")£?-. /wiy,,) 

1 - p,<">( e) 

Similarly, we find 

R 2 4 i log ,W t2 ,V/ 2 s ('/") + (I/") /(*,■ I r„) 
i - p 2 «">(0 

(44b) 



(44a) 



Summarizing, an arbitrary code for the nth e; 
a broadcast channel must have rates (,R U R 2 ) satisfying 
(44a) and (44b). where 

■ 1.2. (45) 
Now suppose (R„R 2 ) p 95, R, > 0, R 2 s Oas in Fig. 21. 
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By the convexity of 5J and / e <R, we have 



for all p(x). Consequently, as illustrated in Fig. 21, either 
j t t 'I* I Yu) < «,d - S) (46a) 



- n t W | Y u ) < R 2 (l - 6), (46b) 

where 6 > 0 is any nonnegative real number such that 
(I - WnUfSl 
But (44) implies fori = 1,2 that 

^ c) >,-l-Qwiyiyf (47) 

The second term on the right-hand side of (47) tends to 
zero with n, but the third term must be less than (I - 5) for 
either i = I or i = 2, or both. Thus 

Km max {?, ( " ) (e),p,<"»(e)} > 5 > 0, (48) 

and therefore pV'to. pV'W may not simultaneously be 
near zero. Also, since the probability of error of the 
worst codeword for each channel obeys /, w £ p, ( "'(e), 
i'= 1, 2, we conclude that if (^,,^ 2 ) f 91, then there exists 
no sequence of ((2" R '.2"' , ',2"' l '0.fl) codes for a broadcast 
channel such that (A l (n, ,A, < " ) ) — (0,0). 

IX. An Approach to Compound Channels 
Let P f (y | x), fi e E be a perhaps infinite collection of 
channel transmission functions. An index /? will be chosen 
by nature and a sequence of n transmissions x i ,x 1 ,- -,x, 
will be sent to the receiver over the discrete memoryless 
channel P,(y \ x). The index /? is unknown to the sender but 
may, without loss of generality, be assumed known to the 
receiver. (Simply sending y/n prearranged symbols in n 
transmissions will allow the receiver to. determine p with 
arbitrarily low probability of error, for finite 3. without 
affecting the achievable rate R.) Wolfowitz [2] and Black- 




well ei al. [5] have defined the capacity C of the compound 
channel to be 

C = C„„ lBl „ = supMl,(X\ Y). (49) 

This rate C is achieved for finite 3 by designing the code 
for the channel p* such that 

0 = T" v( * 1 Yy < 50) 

The maximin rate C is then achieved independently of the 
p chosen by nature. 

Now consider a communication link in which it is 
unknown whether the link is a perfect binary symmetric 
channel or a binary symmetric channel of parameter p. 
Thus the channel descriptions P t (y \x),p = 1,2, are given 

'■-n '-[;?]■ <»> 

For this compound channel we find 

C = 1 - H(p). (52) 

The point of view of this paper suggests instead that we 
determine the set 5J* or all achievable rate pairs (R { ,R 2 ) for 
the two given channels. See Fig. 22. This yields the entire 
spectrum or achievable rates under the different contin- 
gencies selected by nature. 

Thus, for example, ir it is known that 

Pr{0 = 1} = *, = | - p r (j = 2), (53) 
then we may find the maximum expected rate 

R (»l) = ^ .("1*1 + **«2)- (54) 

The interpretation is that by using the superimposed 
codes of Section II we can achieve average rates 

* (lt,) = o m . a *i ^ C( - ap + Sp) + It,H(a ^' 
corresponding to points on the boundary of 91*. These 
average rates are strictly greater than average rates achiev- 
able by time sharing (except for the degenerate prior 
ir, = 0 or I). Finally, a submessage or rate C(ap + ap) is 
sure to be received, regardless of which channel is the true 
state or nature. 

These considerations suggest that the compound channels 
problem can be reinvestigated from this broadcasting point 
or view by interpreting the probability distribution on the 
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channel parameter /} as a probability distribution on the 
receiver chosen in the multiple receiver broadcast channel 
formulation. Inspection of the capacity region 91* would 
then yield all achievable probability distributions on rates 
for the compound channel. The most desirable distribution 
could then be picked. 

X. Conclusions 

As before, let the capacity region 9?* be the set of all 
achievable joint rates (*,,.«,) for a given broadcast channel 
with two receivers. We now know the following. There is a 
certain informaiion-theorelically defined region 91 generated 
by (1{X | >',),/(* | Y 1 )), given in Section VIII. which upper- 
bounds 91*. Also, by simple time sharing there is an inner 
bound 91 0 , say, to 51*, as shown in Fig. 23. 

Sometimes these bounds coincide, as they do for the 
incompatible channel. Here 9i = <R 0 = <R«. In other 
examples, such as the orthogonal channel, in which the 
bounds do not coincide, there is a simple demonstration 
that the upper bound can be achieved and therefore that 
3? = 91*. In many of the intermediate cases (for example, 
the two BSC of section II) we can be reasonably well' 
assured that our ad hoc codes achieve 91*. although proofs, 
of converses appear to be difficult. 

The analysis of this problem is made worthwhile by the 
fact that it is almost always the case that proper coding will 
achieve rates 9i* strictly greater than those achievable by 
simple timesharing. 

The primary heuristic that we garner from these investiga- 
tions is that high joint rates or transmission are best achieved 
by superimposing high-rate and low-rate information rather 
than by using time-sharing. Novels written with many 
levels of symbolism provide just one example of a mode of 
communication that may be perceived at many different 
levels by different people. 1 
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, A , ,, — . :'■ , '"^ "-omuii ui mrcc ainerem people 

to the fol owing dona.ed siory. Buck and Harry led a beautiful maiden 
m o ihe clearing by a rope tied around her ankle. "Lei's make her fast " 



Appendix 

In this section we prove the main resull of Section It. Lei C(p) = 
1 - "00- 

Theorem: For the broadcast channel of Section II, with BSC with 
parameters />, = Oandp, = p, respectively, (R l Ji 1 ) = 'C'ip — dp) + 
//(,), C(,p + dp)) is achievable for any 0 S « < I . 

Proof: Lei M„ = 2"«n, Af, = 2""'-«i» be integers and let 
Ri = V?,,, M, = 2"*n. Consider the following random code. Lei 

x(r). re R = (1.2 M,,), be i.i.d. n-sequences in X' = (0,1 )• 

where x(r) is drawn according 10 a uniform distribution on X: Let 

«<}.«» be an integer, and let r(j). je^ = (1.2 w,). be an 

1.1)" such that 



,?,- = " 



UJ = 2 ° 

such sequences. Define x'r.s) = x (r) e where Ihe vecior addition 
is icrmwisc modulo 2. Wilhoul loss of generality let p < (. 

The decoding rule;,: V - R x S tot Ihe mh extension for receiver 
I will be to choose the value of feR.ieS such lhai v, = x'r.s). 
SVe shall declare an error ir there is more lhan one choice of (r\j) such 
i. the possibility that no 



se.) 



Lei us now pick a message f/,j) wiih probability l/Af,A/„ and 
evaluate the expected sum or ihe probabiliiies orcrror £{p,(e) + i.U)) 
[see (9), (I0)| wher- 



el I has perfect iransmission (i.e.. v, = x'r.s)). ihe onlv 
i decoding error Tor channel I is ir ihe (random) code 
ned some oiher index (r'.j-) lo the same n-sequencc as 

Ir.') f (I.D). (57) 



£p,(e) = Prf^r.j) = t(l,l). 



where ihe probabilily is defined over Ihe random code assignment 
Now x(l.l) = x(l.j) implies ;(l) = ;(,), which is impossible 
any j / I, by ihe construction of ;(j). Thus the only possibilii 
error is x(l,|) = x(r.s). r * I . j e S. Bui r jt I implies x'r.s) 
x(l,\) arc independcnl uniformly distributed n-sequences over (C 
Thus, forr i< I, 

Pr(x(l,l) = xirj)) = 2-. 
Putting this together wiih Ihe union orevenis inequality yields 
E 'M s ^ Z (i ^PrWl.l) = xlr.,)) 

S M,M, 2 2- = 2-"-'i>-. 0. R, < I. 
Thus £{p,(,)> — • 0, as n — • co, if R, < I. where ihe consiruc 



R, - R„ 4 dog 
Now consider channel 2. Let i = (e,,e 
of i.i.d. Bernoulli RV wiih parameter p 
x(r,s) © t and 

= *M 9 :M © e. 
A decoding error can be made in one of two ws 
does not satisfy 

''O'.-.x-(l)) < nUp + ip)-H , 



= //(a) - OOn/i/n). 



exists an index r ?s I, r e R, such th 
a'O'i.jnM 3 m>P + <*p) + 

EIPM) £ Pr{£.) + Pr{£,}, 
ic probability is 



as the se 



or(r.j). From (61). 

+ tip -r t)> 



Pr{£,l = Pr{rfO,.jr{l)) 

he expecied value (over t and j) 

£ :W,e «. - - £ Pr((tW,.ei) - (1.0) or (0.1)) 



(V + «p) = »p + ip. 



It follows that d'y.x'r))- 
Pr(£,} - 0 as n - oo. 

Wc are left with the evaluation of Pr(£j). 
Pr(£,> -S PrWx{r).y.) < n(*p + ip + «), 

<; 2"«i. PrJrfWflj-,) <i i.<»p + «p 



some /■ 5 s lljr(l) transmitted) 



dW2).y,) = »'W2) e j(0 e ;we «). 



ire) 



/?,,<!- //(ap + Sp)- 



< ^ . (66) 
probability and therefore 



r, = r,,<{- m*p + dp) (7i) 

R, < //(*) + R, =. I - //(,/> + ip) + WW, 

£<P,*"M + p : '"'W) = flp.-'W) + £(pV'(<» - 0. (72) 
:e the best code behaves better than the average, there must exist a 
lence or [(2""'.2-».2"">>), n) codes for n = 1,2 with 

R, = C(ap 4- ip) + //(») - c 
R, = C(,p + ip) - c (73) 
P. W M + pY"'M - 0. (74) 
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An Algorithm for Computing the Capacity of 
Arbitrary Discrete Memoryless Channels 



of arbitrary discrete memoryless channels is presented. The algorithm is 
very simple and involves only logarithms and exponentials in addition to 
elementary arithmetical operations. It has also the property of mono- 
Ionic convergence to the capacity. In general, the approximation error is 
at least inversely proportional to the number of iterations; in certain 
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circumstances, it is exponentially decreasing. Finally, a few inequalities 
that give upper and lower bounds on the capacity arc derived. 

I. Introduction 

IT IS well known that the capacity of discrete memoryless 
channels that are symmetric from the input can easily 
be evaluated. Muroga [1] developed a method for straight- 
forward evaluation of capacity, but unfortunately its 
usefulness is restricted to the case where 1) the channel 
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The terms which are independent of the noise components 
jV c (r) and N,(r) are obtained by letting / = m and * = 4 -1 = 

= - * l ** m - {fM'VW + m 2 4 <0 " 6mi 2 (r)m 2 2 )] 
X sin 4^(0 - 4P 2 m 1 (r)m 2 (/)[m 1 2 (r) - m 2 2 (0] 
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Xcos4*(f)}. 
Comparing (B-9) with the first tv 



(B-9) 



rs lie analyxed. The channel is additive, white 
Gaussian. The PCM system has arbitrary code, companding : law 
input lignal density function. E^ierially optimum werghted PSK/PCM 

rions in (B-8). we get the identical signal X noise and noise X 

is as in (A-8) combined with (A-9), except again for ^ f Jtio ^ „ ^old cxxttl!i oa of 2 dB for 

factor of two in gain. (Carrying out the algebra to , tlnduQ g bi , pew. performance of suboprimum schemes, 
prove this identity is left to the reader.) Thus, lht numbCT „ r different " -' "'" "" 



ro terms of (A-5), we see that, 
a factor of two in gain, the two are identical. 
Furthermore, evaluating the 



Ki*K m 



•{i ,2 (6m 1 2 (/)m 2 2 (0 - «i*(0 -m2*(*)J 



smaller than the 

ofPOoTttire also studied. Two levels per 8 bit PCM word 
>re than half of the achievable gain fin dB) and 4 levels is almost 



X sin MO + 4? 2 rn 1 (0m2(0[mi 2 (f) - m 2 2 (f)] 
XcosM0 + ««[t,^«)]} (B-'O) 



I. INTRODUCTION 



Weighted PCM was introduced by Bedrosian [1]. The 
governing idea is that since the symbols in a PCM word have 
and letting K now equal we get the identical attaint sensitivity to digital transmission errors, the relative 

stochastic equation of loop operation as in (A-ll). signal energy used by each PCM word should be matched 

accordingly. The total energy used to transmit a PCM word is 
kept constant. In [1] and [4] the optimum energy sharing 
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This is done in this paper for the additive white Gaussian 
channeL 

An interesting special case is standard PCM speech signals. 
We calculate the gain with optimum weighted PCM, using 
numerical data about the digital errors from [ 5 ] -[ 7 ] . 

The objectives of this paper are to derive signal sets with 
such bit error probability properties that make them matched 
to the PCM signal in the sense that the overall effects of 
digital errors are minimized. 
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Digital Errors in PCM systems 

The digital noise power is approximately 



where P is the average bit error probability of the memoryless 
transmission channel, N is the number of PCM bits and A, is „ 
the so called ^-factor for a single error in bit f. This number 
represents the average noise power caused by a single error in 
pCM symbol f (f - 1 - AO where the average is formed over 
the input signal statistics, [J] . The A -factors vary with input 
»ignal density function. PCM code, companding law and the 
number of PCM bits, see [J l-[7] . 

Equation (1) is a very good approximation for a large 
ninety of PCM parameters, see (5]. Exact formulas are also 
in [S]-[7] for the channel with independent errors 
I into account the effect of multiple errors as well as 
exact formulas for an arbitrary communication channel with 
eoneUted error. In this paper however, the approximation (1) 
is sufficient 

As a measure of performance for the PCM system, we use 



(2) 



where £{x 2 } is the average input signal power, e, a is the quan- 
tization noise and e c a is the dipping noise, see [51, [8 J. The 
signal to noise ratio (2) is defined with a mean square error. 
The total quantized voltage interval is normalized to (- 1 , 1). 

The i4-factors for natural binary PCM with uniform signal 
density function over the interval (-1, 1) are^i = l,A% — 
Y., -.A, = 2-*' •". Compare [ 1 ) , [41 . [ 1 71 and [ 1 8] . 

We are esperially interested in PCM for speech signals. We 
therefore numerically analyze the use with binary folded PCM 
code, with fi = 100 and an exponential input signal density 



where the so called Q-function is defined by equation (4), see 

Energy sharing can also be applied to other types of trans- 
mission channels and this has been done in [ 1 1 and [4] . 
Throughout this paper we use the notation as the average 
channel symbol energy when nothing else is stated. For binary 
antipodal signaling, the average energy per information bit 
E B = E and for QAM modulation E B = £/4. 
Summary of Results 

In chapter II of this paper optimum weighted PCM is inves- 
tigated for an arbitrary PCM system, binary antipodal modu- 
lation on the white Gaussian channel yielding independent- 
errors. The results are directly applicable to coherent PSK and 
QPSK modulation. 

We also derive performance formulas for the suboptimum 
schemes with fewer energy levels than bits in a PCM word. A 
threshold extension of 1.85 dB is obtained which is in excess 
of the 1 .55 dB obtained in [ 1 1 . [4] . 

In chapter III, the rectangular 16 level signal set QAM (or 
sometimes denoted QASK) modulation is used as an example 
of a near optimum multilevel digital modulation scheme. We 
derive the near optimum weighted QAM signal set for 8 bit 
PCM systems and apply the results to speech signals. 

In the following, the notation weighted PCM is used for 
binary antipodal signals and weighted QAM or QAM/PCM is 
used for QAM m 



II. WEIGHTED PSKfPCM FOR SPEECH SIGNALS 

JI.l. Optimum Weighted PCM 

The digital noise in an arbitrary PCM system is given for 
independent bit errors by (1) where the average bit error prob- 
ability is equal for all PCM symbols. However, the ^-factors 
denote the relative significance of a digital error in the various 
PCM symbols. The digital noise can be reduced if more energy 
is used (with a resulting smaller bit error probability) for the 
transmission of the most significant PCM symbols at the 
expense of less energy for the least significant symbols. The 
total energy used to transmit a PCM word is kept unchanged. 
The digital noise in a system with weighted energy for the 
PCM symbols is 



where £{* 2 } " S 2 , [81. The input level is given in decibels 
relative to the dipping level 1 below. Binary folded PCM code 
means that bit 1 is a sign bit, bit 2 is the most significant 

^The numerical results are also applicable with good approxi- 
mation to 8 bit binary folded with » = 255 companding or 
A = 87.6 companding with speech-like input signal density 
function, see [51. 
Channel and Modulation 

We assume that the transmission channel is an additive 
white Gaussian channel with Spectral density N 0 (double 
sided). The modulation is assumed to be binary antipodal if 
nothing else is stated. The average signal energy is E and the 
average signal to noise ratio is EIN 0 . The bit error probability is 



where £, is the energy in the binary antipodal signal used to 
transmit PCM symbol I. Independent channel errors are 
gible. The total energy used per PCM word is kept unchanged. 

«.f=|f, («) 

where £ is the average energy per PCM symbol. 

The energy levels yielding minimum digital noise are 
obtained by minimizing (5) with the constraint (6). Thus using 
Lagrange multiplier X 

FIEl E 2 - E N . X) 
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i£ = . . jL e -^-i — +x=o. (8> 

3F x/2ff 2 V^i " ^0 The constent ^ 0 * l| te geometric mean of the single error X- 

1 • factors ^ i, ( = 1 , 2 — A/, 

ynuj Equation (19) gives the means to calculate the optimum 

energy levels. We observe that these optimum energy levels are 
, j __£(_ dependent on the average signal to noise ratio E/N 0 . Thus it is 

A, • —p= 7= - e 2 "° = ^' N a- W necessary to choose a design point for the system, see the 

v2ff /£/_ numerical examples below. 

^Jf{ 0 Define the relative energy e, as 

Using the notation _£._fi (20) 

* (j ° = V^ ' *' 2 From(19)wehave 

— , r , . rHH£))' : °" 

V»l = const. = XAr o: i-i.W. 01) yv 0 



which is evaluated by numerical methods. 
Since R(x) > £?(*), (9 J and for reasonably large SNR's The digital noise of the weighted PCM scheme is 

iMHM)- ' . -'-tA&?AM m 

I With e, from (21) we obtain the digital noise power for the 

A,'Q[ I — 1» const. = XAV, f=l,2-A r (13) optimum jystem as a function of average signal to noise ratio. 
\'\jN 0 I At the design point average channel signal to noise ratio, the 

digital noise is 



levels, each symbol contributes an equal share to the digital / — \ 

noise, see [4] . For the range of energy to noise ratios (and bit 2 a ^ , .A /_ ) (23) 

error probabilities)- of interest here, the R(x) function is weU *« \*]N 0 / ; 

approximated by ' 

which should be compared to the digital noise for the 
log,(J?(*))»fll +q t x* (14) unweighted system at equal signal to noise ratio 

where <j! and 9 2 are constants, [4]. i'-A 

Thus from equations (1 1) and (14) we have e„ z as ^ A, • Q 

i-i 

E, Enuation (23) is called the 'limiting curve'. This is due to the 

log. *,) + ,x •-^log.tXA'o); '= 1.2 -A- KaoreacVSnal to noise ratio, equation (23) yields the 
° minimum digital noise with the optimum energy levels for that 

(15) specific SNR. The performance with a fixed energy Ieve, "°" 
figuration is given by (22). Comparing the 2 equations (23J 
''f ';. u . 'v f 'i,' «„, and (24) we note that the parameter^ describes the perform- 

• ~ h log. U,)+?i + ? 2 • - 2j — ' * log. (>^o)- (1 «) „« of the optimum weighted PCM schemes. 

1-1 1-1 0 Above we have assumed that each PCM symbol is trans- 

mitted with its individually optimized signal energy. Such » 
With (14) and (16) scheme can for example be implemented with coherent PSK or 

N . . QPSK modulation with variable amplitude. 

i t lo«,M,j / f£ \ „ I„ the next section we will analyze simpler suboptimum 

.- • M \«Jn 0 J~ schemes using less than N energy levels. 

Define ' 11.2. Suboptimum Schemer 

j N A simplified suboptimum scheme is obtained by tran*- 

A 0 = e J? ( ri lo,,<A,> =t!/ A 1 -A 2 A s . (1 8) milting groups of PCM symbols at the same energy level, thus 
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using a total number of energy levels which is smaller than Jv\ 
The same technique as in the previous section can be used to 
optimize the energy levels. The N PCM symbols are <?•-"•"' 
into J groups where the symbols in each group are trans 
at the same energy level and thus with" the same bit erroi 
ability. Symbols corresponding to .4-factors with the same 
ignitude are placed in the same group. 
Let a, denote the sura of the ^-factors corresponding to the , 
symbols transmitted at energy level E,. Using the optimization 
technique in the previous section yields 



/=l.2-J (25) 



here 



HA^HAM) 

and the limiting curve is given by 




"gliding" optimization point. Systems with a fixed optimi- 
zation point are given below for 2 and 4 levels. 

The optimum 4 level system consists of the following 
groups ranked from the largest to the smallest energy, bit 2, 
bit 1 , 3, and 4, bit 5 and 6, bit 7 and 8. The more uniform sys- 
tem with 2 symbols in each group is slightly inferior, see 
appendix 1 for numerical data. Also compare the A factors at 
-40 dB given in the Appendix. 

The optimum 2 level system consists of one group with the 
4 most significant PCM bite and another group with the 4 least 
significant symbols. _. 

In figures 2 and 3 we show the relative amplitudes V«i. 
see equations (23) and (27), for various number of levels and 
various optimization points. Figure 2 shows the amplitude 
levels for optimization at SNRo U , = 25 dB. The ratio between 
the peak energy and the average energy is for 8 levels: 2.06, 
levels: 1.91, and for 2 levels: 1.46. Figure 3 gives the 



The relative energy levels are determined by using equation 
(21). A new dimension of the optimization problem is the 
selection of the ^-factors belonging to group /. The optimi- 
zation of this partitioning is done by calculating Adt in 
equation (26) for all candidate groupings and choosing the 
scheme with the smallest A QJ since this scheme yields the best 
limiting curve (28). In this manner an optimum /-level weighted 
N bit PCM system is derived. 

11.3. Performance Analysis for Some Selected Schemes 

PCM systems for speech signals are most sensitive to digital 
errors for low input signal levels, see [51. Thus, the system 

should be designed for optimum performance at low input .„ . _ 
levels As in [5] we have chosen -40 dB input signal level as amplitude levels for optimization at SNR out = 31.5 dB. which 
the design input'leveL In [5]-[7] we used SNRo U ,= 25 dB as „ the 3 dB down point from 34.5 at input level -40 dB. The 
the design output signal to noise level of the signal to distortion 
ratio In this paper results are given both for this level and for 
the '3 dB down level' at -40 dB, SNR 01lt = 31.5 dB. which is 
used as the threshold extension of the PCM system [1], [4]. 
At the latter level, the quantization noise and the digital noise 



Figure 1 shows the limiting curves for 2, 3. 4 and 8 level 
weighted PCM for 8 bit PCM at an input signal level of -40 
dB. In aU numerical examples we have ji-quantization with H - 
100, binary folded PCM code and an exponential signal den- 
sity 'function, see [5)-[81. The numerical results in this paper 
are approximately true also for other similar input signal den- 
sity functions, /i = 255 quantization and A = 87.6 quanti- 
zation, (5). Note in figure 1 that more than half of the poten- 
tial gain is achieved by the 2 level system and virtually the 
whole potential gain with the 4 level system. Note that the 
limiting curves give the performance of a system with a 



ratio between the peak energy and the average energy is in this 
case for4 levels 1.72 and for 2 levels 1.35. The numerical data 
are given in the tables in the Appendix. 

In the rest of this section, we will concentrate on the 2 level 
and 4 level systems optimized for SN'R out = 31.5 dB and an 
input signal level of -40 dB. 

Figure 4 shows the performance of the above mentioned 2 
schemes compared to the same systems optimized for 
SNRout = 25 dB. Note that while the systems optimized for 
SNR oul = 31.5 dB are only slightly inferior to. the limiting 
curves at 25 dB, the systems optimized for SNR,,,,, = 25 dB 
are clearly inferior to the limiting curve at SNR oul =31.5 dB. 
We therefore choose SNR oul = 31.5 dB as the optimization 

As we have pointed out previously, the weighted PCM sys- 
tem has optimum performance only for one specific input 
signal level and one specific average channel signal to noise 
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Figure 2. Relative amplitude Jc, for optimum 8 level, 4 level and 2 

• level schemes, opttauied for SNR ou i - 25 dB it — ' 

level of -40 dB, see figure 4. "'- 
' Table Al. 




Figure 3. Relative amplitude yfe, for o, 
schernei, optimized for SNR ou , • 31J 
of-40dB. tee figure 4. 

ratio. For all other input levels and SNR's, the performance is 
ruboptimum. 

• We therefore also have investigated the performance for the 
' 2 level and 4 level schemes, optimized for -40 dB, SNR, U , = 
3I.S dB, with respect to dynamic behavior, Le., performance 
for various input signal levels S*. Figure 5 shows theSNRo Ut 
versus average E)N 0 (at the optimum 2 level and 4 level 
schemes at an input level of -17 dB. Note that there is a gain 
also at this level compared to the unweighted system, although 
the energy levels were optimized for the A factors at -40 dB. 
For comparison the limiting curve at -17 dB for 8 levels is 
also calculated, where the energy levels are optimized for 
—1 7 dB. Also note that the system optimized for -40 dB has 
satisfactory performance also for —1 7 dB.' 

' The dynamic behavior of the 2 level and 4 level weighted 
PCM schemes in the input level interval of -SO dB to -17 dB 
is shown in figures 6 and 7. Compare [5]. Two different 
average channel signal to noise ratios are considered, namely 
12 6 dB and 1 1.4 dB corresponding to average bit error prob- 
abilities of 1CT S and 10-* for the unweighted PCM system. 



HI. ANALYSIS OF WEIGHTED QAM/PCM 




///./. Performance Analysis 



16 level QAM (4 bits/channel symbol) 110). [Hi 

in Chapter II with Gray-coding, see figure 8. This signal set is matched to. 
schemes (and the binary PCM symbols with the constraint of unchanged 
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■e 6. Dynamic behavior of 2 level ut 
rerago E/S 0 " 12.6 dB. Compare the dy 



ox of unweighted PCM. The weighted 

PCM scheme! ire opthnized et an Input level of -40 db and 
SNR out -31.5dB; 

We begin with the performance of the Gray-coded 
unweighted QAM, shown in figure 8. The average channel 
symbol energy is E . Thus E = 1 0d s where 2d is the minimum 
Euclidean distance of the signal set. The average symbol error 
probability is approximately for large SNR's 



•U) 



0011 . OKU ™ 

: :.3 



0010 ODOO 



where we have assumed that all signal points are equiprobable, 
[13). (In this reference, an exact formula is also given.) The. 
average bit error probability for large SNR's is 



(30) Figure 8. Gray-coded QAM. The decision boundaries for bit 1-bit 4 



However, the bit error probability is dependent .on the bit 
position in the 4 bit word [12). Thus, from figure 8 we con- 
clude, that 



'»^ =fi (iS) =, - 33?> - 

where P, is the bit error probability in QAM bit i. Naturally, 
the signal set is used in such a way that the most significant 
PCM symbols are placed in position 1 or 2. 

Thus, the digital noise for the unweighted system is with 
N=S. 



The QAM signal set is now modified so that the E 
distance between signal points close to decision b 
corresponding to significant symbols are increased. The 
Euclidean distance corresponding to less significant symbols is 



2 Level Weighted QAM 

Figure 9 defines the new distance profile of the signal set. 
For the unweighted signal set d i -d 2 =d and tan (M =1/3. 
The constraint that the signal energy is unchanged yields 

E = d 1 1 + {d 1 +2d 2 ) 2 . (3") 

The digital noise with the 2 level weighted signal set is 

The goal is to find the coordinates of the signal set which mini- 
mizes (35) subject to the constraint (34). The calculations are . 
simplified by introducing the parameter fji 



di + 2d 2 

dl =n/£ : sin <l> 

d,= f£sin{--J,\ 



(36) 
(37) 
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Figure 9. Distance parameters for 2 level, weighted QAM. 

Thus 

*■{;-*))■ m 

The optimization problem is now?imple 

*^l eos (7-*) =0 - (40) 

Numerical methods are used to find the optimum ^ from 

As for the previous section, the optimum signal set is only 
. optimized for one specific channel signal to noise ratio, see 
numerical examples below. 

The parameters defining the energy sharing property of the 



<i = 10sin 2 \J (42) 
•,-Sdn>^-#y (43 ) 
The digital noise of the optimized scheme is 



4 Level Weighted QAM 

With precisely the same technique as for the optimum 2 
level scheme, the sub optimum 4 level set can be determined. 
Let d x , dj, d 2 and d« define the distance properties, see figure 
1 0. The equal energy condition is 



2±? => di» + V + + 2d 3 )» + (d 2 + 2<f 4 ) 2 
and the digital noise is 



(45) 



■U) 



+ ^(A 1 +A<)q{ 



(A) 



A sub optimum solution is obtained for the special a 
£ = d 1 2 + (d l +2d,) l =d 2 a + (d 2 + 2<f 4 )a. . 



(47) 



For this case we can use the method from the previous section, 
by introducing optimization variables >i and tf» 2 . 

However, although (47) is a special case it is evident from the 
numerical calculations in the next section, that very little is to^ 
. be gained for speech signals by further optimization Le. energy 
sharing between the dimensions or introducing further levels 
of error probabilities, see the previous sections and the numer- 
ical examples in the next section. Furthermore, if 8 levels are 
used, 2 different QAM signal sets axe required with different 
average energy. 

For the 4 level scheme, we assume the reordering of the 
symbols in an 8 bit PCM word shown in Figure 11. 
1II.2. Performance for Some Selected Schemes 

Figure 12 shows the performance of 2 level and 4 level 
weighted QAM/PCM compared to unweighted QAM/PCM- 




'••vV.:,-* ■ 
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Figure 12. Performance of weighted 2 level and 4 level QAM/PCM at 
I in input signal level of -40 dB. Hit optimization SNR's tie shown 
.' on the curves. For comparison, unweighted QAM/PCM is also 
. :' shown. The signal to noise ntio Is the average channel symbol (4 



Both weighted schemes are shown for 2 different optimization 
SNR's (shown on the curve). The numerical parameters of the 
. curves are given in the Appendix. 

' We note that the gain with the 2 level scheme is 1 .4-1.8 dB 
and the gain with the 4 level scheme is 2.0-2.6 dB. 

I. Further gains are obtainable with optimum 4 level schemes 
and 8 level schemes. However, from the numerical calculations 
for the 4 level sub optimum curves it is evident that very little 
Is -to be gained by further optimization since there is a good 
balance between the contributions to the digital noise at the 
design point. A fraction of a dB can be obtained by considering 

. the more complex 8 level scheme, compare section II. 

Figure 13 shows the coordinates of the signal sets cone-, 
sponding to the 2 level (20 dB optimization point) and the 4 
level schemes (21 dB). Note the symmetry of the 2 level 
scheme. The Gray coding is the same as that in figure 8. 
. The dynamic properties of weighted QAM/PCM are similar 

'. to those of the schemes discussed in chapter II. 



• weighted 0AM, 2 levels, optimized -For 21 dB 
x weighted 0AM, 4 levels, optimized for 20 dB 
Figure 13. The QAM signal set and 2 level weighted QAM signal sets. 

IV. DISCUSSIONS AND CONCLUSIONS 

From the performance analysis of weighted PCM in Chapter 
II we find that a threshold extension of 1.85 dB is achievable 
for 8 bit speech PCM. This is slightly more than the 1.55 
dB obtained for natural binary, linear PCM in ( 1 ), (4). "We have 
also investigated the performance of schemes with fewer 
energy levels than bits in the* PCM words. It was found that the 
threshold extension for 8 bit speech PCM with 4 energy levels 
is 1.7 dB, thus only slightly inferior to the optimum. 2 energy 
levels yield a threshold extension of 1.0 dB. 

The gains in channel to noise ratio is always slightly larger if 
measured at a design performance lower level, say SNR out = 
25 dB at an input signal level of -40 dB, (5M7). At this level 
the optimum gain with weighted PCM is 23 dB. 

It is interesting to notice that larger gains than those 
obtained in Chapter II for binary antipodal modulation (PSK) 
are achievable with weighted multilevel AM' modulation 
schemes. One example of this is QAM, which we have analyzed 
in Chapter III. For a "4 level" weighted QAM/PCM scheme we 
found a threshold extension of 2.0 dB and a gain of 2.5 dB at 
SNR ou t = 25 dB. 

Figure 14 shows a comparison between QAM and PSK 
(QPSK) at equal E B IN 0 . Note that the weighted QAM/PCM 
scheme only is 1.2 dB inferior to the PSK (QPSK) scheme at 
SNR„ U , = 25 dB. 

The reason why larger gains are achievable for weighted 
PCM with multilevel QAM than with PSK is evident from 
figures 1 0 and 1 3. While d x is increased to protect a significant 
bit, d s is not decreased as much in QAM as it would be 
decreased in the corresponding weighted PSK scheme. 

The gains with weighted PCM compared to unweighted 
PCM are not spectacular considering the increase in the com- 
plexity of the digital modulation method. However, the above 
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TABLE Al 

SINGLE ERROR /4-FACTORS FOR BINARY FOLDED 8 BIT PCM, 
M-COMPAND1NG WITH M - 100 AND EXPONENTIAL 
SIGNAL DENSITY FUNCTION 



Figure 14. Comparison at equal £ B /N 0 between QAM. PSK/QPSK 
and weighted QAM for an input signal level of -40 dB. The 4 level 
weighted^. QAM/PCM scheme it optinuzed for f B /N 0 » IS. we 

investUation Rives some Insight into the problem of matching 
a PCM (speech) signal to a MODEM? 

The general property of the weighted modulation scheme 
should be such that the bit error probability for one specific 
bit in a PCM word is matched to the significance of that specific 
bit and in particular, the sensitivity to digital errors described 
by tie A factor. Another method of achieving this objective is 
to use error correcting codes [6] , [7] . 

A sub optimum method of energy sharing is the following: 
Instead of using 8 bit PCM, only the 7 most significant bits are 
used and the energy of the 8th symbol is equally shared by the 
: 7 most significant symbols. The gain in channel signal to noise 
■ ratio is only .58 dB. By using 6 bits, the gain is 1 .25 dB. 



n x =• J (bit 2) n 2 = A (bit 1, 3. 4, 5) n 3 = 
/1 0S = 1.17 10-« 



Scheme no. 2 is selected. The following data are given fc 



APPENDIX 

^-FACTOR TABLE AND NUMERICAL DATA ABOUT 
THE SELECTED SCHEMES 

A-Factor Table 

Extensive ^-factor Tables are published in[5].[6],[7].In 
Table Al. we have collected the single errors factors which 
are relevant to the numerical examples given in this paper. 
Analytical formulas for calculating the .4-factors are given in 
114). ^-factors for other standard speech PCM systems (ji = 
2S5.A = 87.5) are also to be found in the above references. 

Numerical data for the selected optimum weighted PCM 
schemes 

All optimum energy levels are given for an input signal 
level of -40 dB. 
2/evefa 

n l = 4 (bit 1 - 4), n 2 = 4 (bit 5 - 8); A 02 = 2-74 lO -4 . 



r x = 1 .35 . 
2 = 2.06 
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e 6 = .63 



Numerical data for the selected optimum weighted QAM/ 
PCM schemes 



2 tevel weighted QAM/PCM 



22 dB 



22.8° 



The leUtive coordinates (</ = 1) for the signal points in the 
first quadrant at an average E/Nq = 21 dB are (1.28; 1.28), 
(1.28; 2.89), (2.89; 1.28) and (2.89; 2.89). For QAM the rela- 
tive coordinates are (1 ; 1), (1 ;3). (3; 1) and (3; 3). 
4 level weighted QAM/PCM 
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I. INTRODUCTION 

Delta modulation has theoretical as well as practical signifi- . 
cance in the encoding of certain classes of both stationary and 
nonstationary analog sources ( 1 ) . However, few exact analyses 
exist. Among them are the following: Fine studies (2) the 
response of delta modulation to independent or independent 
increment inputs; Masry and Cambanis [3] give several for- 
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Multiresolution Coding Techniques for Digital 
Television: A Review 

EXRV 



over subband or wavelet techniques, and a specific spaliolemporal pyramid coding of HDTV is discussed in some 
detail. It is shown that recursive, DPCM like schemes will incur a slight loss of optimally due to a restricted 
form of prediction if mulliresolulion decomposition with compatible decoding is required. Compatibility 
" in issues are also discussed. Multiresolution transmission for digital broadcast TV is 
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' 7/1 7927, Cray, Honon and Mathes [1] gave the first fiill theoretical discussion of the influ- 
ence of waveband restriction on the quality of television pictures, and were able to fix the 
minimum waveband requirements in advance, long before the first high-definition system 

D. Gabor, "Theory of Communication," Journal of the IEE, 1946 [2] 



1. Introduction 

The processing and compression of digital video signals has recently become the focus 
of intensive research. Past efforts were mainly concerned with high compression of relatively 
simple sequences (e.g., the compression of video conference signals down to 64 kbii/s). 
Currently, however, the efforts have been broadened to cover an extensive set of applica- 
tions, from video conferencing to high definition television, and the associated target bit 
rates after compression range from under 100 kbit/s to several tens of megabits per second. 

Traditionally, television has used a mix of continuous and sampled processing. Two out 
of the three dimensions in regular television are discrete, but the sample values are not 

; quantized. Gradually, digital processing has been used to improve picture quality by prc- 
and postprocessing. But by now, it is clear dial the future of television lies in sampled digital 
processing [3], Television can be viewed as a three-dimensional sampled signal with three- 

; component discrete values (for the representation of color in an appropriate color space). 

I 'Wirfc supported in pan by the National Science Foundation under grants ECD-88-1 1 Ml, MIP-90-14189 and 

i Bell Communications Research. 

j "Work supported by [he National Science Foundation under grants ECD-88-1 till. K.M. U/. is now with David 

i Sarnoff Research Center in Princeton. NJ 0S5«. 



53 



i. VETTERU AND K.M. UZ 



This digital view of video has reconciled, at least technologically, the computer and the 
broadcast industry, and leads to many new applications ranging from storage of video on 
CD-ROMS [4], [5] to transmission of video over packet networks and possibly a new digital 
standard for production and broadcast of high definition television. 
This unified approach to television raises the following questions: 

1. What arc the best compression techniques for the various applications? 

2. Are there methods which will allow a certain compatibility between various applications? 

3. Besides their compression performance, do the methods blend well with other re- 
quirements, related to storage, transmission, and pre/postprocessing? 

The goal of the present paper is to explore how the concept of multircsolution (MR) 
signal processing can be used to address the above questions in digital video. This con- 
cept, which encompasses several well-known coding techniques like subband and pyramid 
coding, is based on the idea of representing a signal at various resolution levels, and going 
from one resolution to the next by adding augmentation channels (or added details). 

The outline of the paper is as follows. Section 2 introduces mulliresolution processing 
and explores some of its benefits and limitations. Finite memory MR schemes, namely 
transform, subband, wavelet and pyramid coding are introduced in section 3, indicating 
some advantages of the latter for video compression and representation [6]. Section 4 review s 
classical recursive coding techniques of the differential pulse-code modulation (DPC.M) 
type, including hybrid motion compensated predictive discrete cosine transform (HMCP- 
DCT) coding, showing how to achieve MR decomposition (and at what price). The issue 
of compatibility and transcoding is discussed in Section 5 and Section 6 deals with transmis- 
sion issues like robustness and MR transmission for digital broadcasting. 

It should already be clear from the outline that digital video compression and transmis- 
sion is a systems problem involving many constraints, and that specific technical questions 
like compression at a given resolution cannot be solved in isolation but have to be con- 
sidered within this global context. 



2. Multircsolution signal processing and analysis 

The concept of MR processing is based on the analysis of a signal at a hierarchy of scales. 
Typical signals one deals with in real life (including video) have a lowpass nature: the power 
spectrum rapidly falls off at high frequencies. Therefore, a coarse version containing the 
lowpass content is a good approximation in the mean square error (MSE) sense. In the 
case of video, this approximation is also good in the perceptual sense as the human visual 
system (HVS) has a roughly bandpass response falling offal high frequencies [7]. Further- 
more, there is strong evidence that the HVS has a MR nature [8). MR approaches arc 
therefore natural from both signal processing and perceptual points of view. 

Predictive coding algorithms achieve compression by predicting the signal and coding 
the prediction error. Such a prediction can be based on a low resolution approximation, 
for example, in pyramid coding [9]. That is, the coding algorithm can be seen as a suc- 
cessive approximation method. 
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In representation of video one may require a niulli rcsolulion decomposition. As an ex- 
ample, for compatibility purposes, a lower resolution version of high-definition television 
could be similar to regular definition television. Another example would be a video database, 
where browsing would be facilitated by having low resolution versions for quick access. 
Also, storage on tape in a multircsoluiion format makes fast monitored access (fast for- 
ward/reverse with viewing) easier if the decoding is compatible. 

Finally, for transmission purposes, a tnultiresolution decomposition can be used to achieve 
better performance by guaranteeing higher protection for the more important low resolu- 
tion approximations. Such joint source/channel coding can be advantageous both for time- 
varying channels (asynchronous transmission like ATM) and broadcast situations. 

Then, source and channel coding are usually done separately. This is optimal if both 
can be done optimally, which is only possible in the limit of long block lengths and perfect 
knowledge of source and channel. In more practical situations, joint source/channel coding 
is beneficial, and multiresolution decomposition is a method of choice to match the source 
and channel coding. In particular, the broadcast situation is particularly suited for a 
multiresolution transmission, since there is no "single" channel, but many different ones 
to be accommodated. 

Despite these attractive features, several key questions have to be answered before one 
applies a multiresolution decomposition. First, how efficient can a multiresolution source 
coding be? As to be expected from general information theoretic results, if complexity is 
not an issue, it is more efficient to encode the signal in whole rather than divide it into 
parts that are coded separately. Thus, multiresolution decomposition will be suboptimal 
in general. Equitz [10] has shown cases where successive approximation is still optimal, 
but they are restricted. > 

However, in the complexity bound case (i.e., practical applications), it is not clear how 
suboptinial a multiresolution approach will be, especially considering subband and pyramid 
coding have been fairly successful as image compression techniques. Still, it is clear that 
the constraint of having a compatible subchannel of a given quality (like in the high defini- 
tion versus ordinary television example) is fairly restrictive, and will lead to suboptinial 
performance when compared to an unconstrained coding. 

Can the multiresolution decomposition be used in all coding techniques? It turns out 
that they are naturally suited for finite memory schemes such as transform or subband coding, 
while recursive schemes with a multiresolution structure incur a certain loss in coding effi- 
ciency. There is a basic difference between open loop (or finite memory) coding methods 
and closed loop (or recursive) coding methods. In the former case, thfi.various resolutions 
and the augmentations arc treated independently, making compatible decoding easy (i.e.. 
decoding of the low resolution version only). Even if there were an interaction between 
the channels, the error produced by not taking the augmentation channel into account (in 
decoding the low resolution) would be bounded. In recursive schemes, unless some addi- 
tional constraints are imposed, such a compatible decoding is not possible because the 
error could grow without bound. This fundamentally different behavior appears because 
errors do accumulate in closed loop systems (which behave like integrators) while they 
have finite effect in open loop systems. 

Before going into detail about MR coding techniques, we would like to define some con- 
cepts which are key to understanding mulliratc and wavelet based systems and have been 
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used in computer vision as well [11]. The notion of resolution of a signal is intuitively clear, 
since added high frequencies means more detail or increased resolution. It is thus related 
to the bandwidth of the signal. This holds also in the sampled domain, but it is best thought 
of as the bandwidth of the equivalent continuous-time signal. This definition indicates that 
an oversampled version will not have more resolution than a critically sampled version 
of the same signal. The notion of scale is related to the size of the signal. We will adhere 
to the convention also used in the wavelet literature [12], [13], [14] that large scale denotes 
contraction of the signal, while small scale stands for a dilated signal. Thus given a con- 
tinuous function f(x) and a positive real number j, the scaled version f(sx) will be con- 
tracted for s > 1 and stretched for s < 1. Figure 1 shows various operations from multirate 
signal processing and their effect on resolution and scale (for simplicity, only changes by 
factors for 2 arc considered). Obviously, the resolution cannot be increased, unless infor- 
mation is added. Figure 2 shows these operations on a real image. 
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figure 1. Rssoluiion and sc. 



There is a fundamental difference between ihe continuous-lime and the discrete time 
scale change. i„ , he f ornl er. scale changes are reversible, while in the latter a dilation 
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where A is a diagonal matrix with decreasing entries. Because T is unitary, that is, it con- 
sews / 2 norms, the best subset of coefficients y h in the / 2 sense is the first k coefficients. 
This gives a simple ranking or prioritization of the transform coefficients. In a joint source- 
channel coding environment, more protection would thus be allocated to lower order 

C °it iswell known that DCT coding is an approximation of the KLT for highly correlated 
first-order Markov processes [15]. In particular, lower frequency DCT coefficients will have 
higher energy. In that sense, subband and pyramid coding, which both rely on lowpass 
versions as first approximations, are similar to a KLT for processes with strong correlation. 

It should always be kept in mind that the KLT produces a best approximation in the mean 
squared error sense or ( 2 norm. In particular, the /, norm is conserved between the 
transform and the original domain, because T is unitary. However, if another norm is used 
(like for example maximum error or l„ norm), the KLT or any unitary transform will only 
produce a weak bound for that other norm. Let us make an illustrative example. -which 
is relevant to hieh-quality coding applications. Assume wc want to bound the /„ norm of 
the reconstructed signal after quantization in the DCT transform domain. The DCT uses 
the mean-as one of the basis vectors, that is. the vector 1/vTv [1 1 - 1). Now, if quantiza- 
tion in transform domain produces an error of at most 5, the worst case reconstruction 
error is VN5, or an increase by vft over quantization of the original signal. 

3.2. Subband coding 

A typical subband coding scheme is shown in Figure 3 in its simplest version. It is a one- 
dimensional system with division into two subbands, each critically subsampled by 2. The 
subbands are encoded appropriately (that is, with adaptive encoders tailored to the bands), 
transmitted, decoded and recombined in a synthesis filter bank that upsamples the signals 
and interpolates them to reconstruct an approximation to the original. In the case of lossless 
encoding 0 f the bands, ihere is a large body of literature on how to design filters so as 
to get perfect reconstruction (see e.g.. (16)). It is most intuitive to look at subband coding 
as a transform codina where the basis vectors have some overlap between neighboring blocks 
[17]. [18], [19]. Indeed, one can write the operation of the filler bank as a block Toepluz 
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operator T (conttining the impulse responses of the various fillers and versions shifted 
by the subsampling factor) and (hen, if the bank is unitary [18]: 

r-T-i. (3) 

In the z-lransform domain, one can show that (3) is equivalent to the multiple-input, multiple- 
output (MIMO) transfer matrix being paraunitary or lossless (stable) [16], [18], that is, 
.with H(;) standing for the MIMO transfer function matrix: 

Hft) • Hfe) = I. (4) 

where Hf;) stands for H T (z~') (assuming real filter coefficients). The theory of these 
paraunitary matrices is well developed (e.g.. [16]) and generalizations to biorthogonal cases 
(which include linear phase filter, important for image processing) have been done as well 
(e*. [18]). 

Because of the close relationship of subband filter banks to unitary transforms, the worst- 
case behav ior of the reconstruction error discussed for the DCT appears also here (note 
that the number of subbands is usually small, however). 

Again, ordering of the subbands according to their energies will minimize the squared 
error when only a subset is used for reconstruction. But note that because the design of 
filters for perfect reconstruction filter banks is heavily constrained, the reconstruction bas- 
ed on a subset is usually suboptimal in terms of perceptual quality when compared to an 
unconstrained derivation of a low-resolution version (using standard low-pass fillers). Also, 
usual properties like aliasing cancellation are lost. 

The extension of subband coding to two [20], [21] or three dimensions [22] is straightfor- 
ward, especially in the separable case. Figure 4 shows a simple subband decomposition 
of video inio combinations of low- and high-pass versions over the various dimensions. 
Several authors have suggested schemes using some sort of ihree-dimensional subband 
decomposition [22], [23], [24], or use of subband decomposition over the spatial dimen- 
sion in video coding schemes. Obviously, the mulliresolution nature is conserved, with 
lower bands contributing the basic information, while higher bands add more details, and 
the scheme was used successfully for joint source-channel coding in the context of packet 
video [25]. 

However, the inclusion of explicit motion information is not simple, essentially because 
it is sequence-domain information that has to be used in frequency domain. To put it explicitly 
and using Fourier terminology, a space-domain motion or shift shows up as a different 
phase shift in all the frequency components, and is therefore difficult to detect precisely 
and then to correct. This effect is well known in DCT coding (where DCT domain motion 
compensation is known to be difficult), but is present as well in subband decompositions. 

The extension of subband coding to multidimensional nonseparable systems (that is, a 
true generalization to multiple dimensions) was also performed [26], [27], and applica- 
tions thereof include progressive to interlaced conversion of video with the perfect inver- 
sion property [28] (using a nonseparable perfect reconstruction filter bank for quincunx 
subsampling). 
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3.3. ttbvelet coding 

Discrete wavelet coding [29] is a subband coding technique with a logarithmic tree struc- 
ture as shown in Figure 5. The logarithmic tree structure leads to a doubling of the resolu- 
tion each time a channel is added. In wavelet coding, the filter bank uses a special type 
of low-pass filter called a regular filter. Such a filter has the property that, when iterated 
in a cascade of filtering-subsampling steps, it will tend to a smooth equivalent impulse 
response [12], [30]. Failure to meet regularity can produce equivalent fillers which tend 
to fractal impulse responses when iterated. Since typical wavelet or subband coding iterates 
an elementary filler bank several limes (three to five times, typically), .an equivalent frac- 
tal filter can be problemalic in such applications. This is because quantization "noise" 
will appear in the reconstructed signal as a weighted sum of the impulse responses, which 
can be more visible if ihey arc discontinuous. 
Besides the usual properties of filters used in subband coding (e.g., orthogonality or 
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linear phase), regular low-pass fillers will have a large number of zeros at z = -1 The 
high-pass filter then has many zeros at j = I, and smooth functions will produce little 
energy m the high b.mds of the wavelet analysis, a useful feature for compression 

Wavelet decomposition results in a logarithmic division of frequency space, similar to 
pyramidal techniques. This division can be justified by HVS models Various psychovisual 
experiments [S] have suggested that the retinal processing uses independent bandpass filters 
that are approximately linear, and have a constant relative bandwidth of about one octave 
Assigning a roughly constant number of bits per octave will lead to equal perceived quality 
over the channels. Therefore, the logarithmic spacing in ihe wavelet domain matches the 
HWb and maintains high perceptual quality while achieving compression. 

Arbitrary binary trees based on two-channel filter banks are an alternative to losariihmic 
trees. This leads to so-called wavelet packets [31], which, together with a! S orithms~for find- 
tng adapuvely the "best" tree for a given signal, produce interesting schemes [32]. Such 
schemes are conceptually related to adaptive vector quantization trees [33], [34], [35). 



is attempted. The 



The simplest example of pyramidal coding is given in Figure 6. A low-resolutio 
of the original is derived, from which an interpolation of the original is atiemr 
difference between this interpolated version and the original is evaluated and seni 
with the low-resolution version [9], The scheme, can, of course, be iterated and can be 
so designed that only a single source of quantization error remains, namely, the quanliza- 
Iton of the last difference signal (see Figure 7) [6]. The idea is to reconstruct at the en- 
coder based on the encoded upper layers, so as to take quantization of these layers into 
account when deriving the final, highest resolution difference signal. Therefore, the worst- 
case error is easily bounded by designing the last quantizer accordingly. This inherent 
robustness is an advantage of pyramidal coding over both transform and subband codin- 
[6]. The other main advantage is that the decimation and interpolation operators can now 
be arbitrary (rather than being heavily constrained as in subband schemes or fixed as in 
transform coding). That is. nonlinear operations are possible [36], and in particular, motion- 
based processing is easily included. The drawback is that the difference signal cannot be 
subsampled anymore, although it is really a high-pass signal. However, the overhead in 
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Atwr 7 Three-level pyramid coding, with feedback of quantization of the high layer, into the prediction of the 
Ser ones: D and I s!and for decimation and imerpola.ion. respectively. Thus, only one source of quant.zat.or, 
error remains, namely, that of the highest resolution difference signal. 

number of samples decreases as the dimensionality increases. In m dimensions, we have 
an oversampling r as a function of the number of levels I in the pyramid equal to 



which is an overhead of 50%-100% in one dimension and goes down to 25 %-33 % in two 
dimensions and only 12.5%-14% in three dimensions. 

3.5. Comparison of subband and pyramid methods 

The first difference between subband (or wavelet) decompositions and pyramid ones is 
.hat the former is critically sampled (number, of samples constant between signal and 
transform domains) while the latter is ovcrsampled (increase in the number of samples 
in the transform domain). However, this oversampling ratio becomes ncglig.ble as the d.mcn- 
sionality increases (see (5)). 

Next the operators used to change resolution in subband or wavelet coding arc M.ry 
constrained They must be perfect reconstruction fillers, meeting restrictive algebraic con- 
straints on their coefficients. The result is that subband low-pass filters of reasonable com- 
plexity arc relatively poor. Thus, a compatible low-pass channel in a subband coding system 
is usually of inadequate quality. In pyramid coding, the operators for changing resolution 
arc complctclv unconstrained. For instance, they can be nonlinear [36]. In particular, one 
can choose the best possible low-pass filter in order to derive a compatible subchannel. 
Therefore, compatible subchannels in pyramid coding systems arc usually of better quality 
than their subband coding counterparts. 
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As explicited for transform coding (see Section 3.1), one gets only a weak bound on the 
maximum reconstruction error due to the possible coherent addition of errors from the 
various transform coefficients. The same situation is true in subband coding, which is a 
generalized transform. In pyramid coding, using the method of quantization feedback (see 
Section 3.4), the maximum error can be bounded by the quantization error of the last quan- 
tizer. This tight control on the quantization error can be important in applications where 
a precise bound on the maximum error is needed, as in medical applications or contribu- 
tion quality video coding. 

Finally, specifically for the case of coding video signals, it is important lo discuss the 
inclusion of motion models within the various coding schemes. As already alluded to, mo- 
tion is a sequence-domain phenomenon and is thus difficult to treat in the transform do- 
main. This is the reason motion compensation in DCT domain has not been very successful. 
The same reason makes inclusion of motion in the subband domain difficult: a single mo- 
lion is spread in all bands, and fine motion is quaniized coarsely by the subsampling of 
the bands. Also, the increase in error by 4N (where N is the number of subbands) from 
accumulation of errors can be problematic if motion errors occur in the subbands. The 
pyramid coding method does not suffer from these drawbacks: the nonlinear processing 
associated with motion detection docs not present any problem, and approximation operators 
can be motion based if desired. 

3.6. Example: spaiioiemporal pyramid coding of HDTV 

Some of the trade-offs discussed above can be well illustrated with a coding scheme for 
HDTV that we developed after investigating several alternative schemes. In particular, it 
shows the trade-offs between subband and pyramid coding. The discussion will remain 
mostly conceptual, and we refer the interested reader to [6] for additional details. 
The goal was to develop a high-quality coding method with the following features: 

1. Signal decomposition for compression purposes 

2. Compatible subchannels 

3. Tight control over coding error 

4. Easy joint source-channel coding 

5. Robustness to channel errors 

6. Easy random access for digital storage 

Clearly, a multiresolulion scheme is desired (points 2 and 4). While the last two points 
indicate that a finite memory scheme will be preferable, let us discuss how the first three 
points influence a choice between subband and pyramid coding. 

Among finite memory schemes, pyramid coding can painlessly include motion informa- 
tion to achieve high compression. This is due to the fact that motion estimation, and therefore 
motion compensation, is nonlinear, and it thus difficult to include in a scheme based on 
linear processing, such as subband decomposition (for example, if one wanted motion- 
compensated filters). In a pyramid, however, it is simple to base one of the predictions 
on motion, thai is. for example, predict odd frames from even ones and encode the predic- 
tion error. 
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Compatible subchannels (that is. the coarse versions of the original) look poor if Io'a- 
eomplexity subband filters are used. At comparable complexity, much better filters can 
be used in pyramids, since they are unconstrained. This leads to substantially better sub- 
channels in pyramid schemes, both in two and three dimensions. 

Quantization error performance has been discussed before, showing the superiority of 
pyramids over transform or subband schemes in this regard. 

What about the oversampling present in pyramids? The relative advantage of subband 
schemes diminishes as one goes to higher dimensions. In a three-level three-dimensional 
pyramid, we end up with a full size signal, plus l.'S and 1/64 size signals, that is. 141 
overhead in the number of samples. Table 1 summarizes the comparison of subband and 
pyramid coding for video compression. 

The three-dimensional spaiiotemporal pyramid is shown in Figure 8(a). A higher level 
in the pyramid is obtained by a reduction in resolution by a factor of 2 in each dimension 
(or eight times less samples). This' is done by low-pass filtering and subsampling in the 
two spatial dimensions and by straight subsampling in the time dimension. The prediction 
or interpolation siep is shown in Figure 8(b). First, the spatial dimension is interpolated 
using linear filters, and the difference is encoded. Then the lime dimension is motion in- 
terpolated, and the difference is encoded. This separation of space arid time not only reduces 
the complexity but is natural due to the fundamental difference between space and time 
in video. This process is iterated twice, so that the final resolution is approximated in two 
steps. Note that besides the lowest resolution sequence (which represents 1/64 of the original 
samples), only difference sequences are encoded, together with motion vectors. 

For illustration purposes. Figure 9 shows a frame from each of the three levels in the 
pyramid. Over lime (a dimension which is difficult to show on paper!), if the original frame 
rate is f,. the smaller ones have rate/,/2 and /JA. respectively. The compression scheme, 
described in detail in [6). leads to a very high quality coding at around 1.5 bits/pixel, or 
a compression factor of 10. 

Interestingly, the motion estimation procedure relics also on the mulliresolulion con- 
cept. An initial motion field of low resolution on a low-resolution sequence is successively 
refined until a full-resolution motion field is obtained [37], [38). Such a procedure is both 
computationally efficient and robust. 

Table I. Comparison of subband md p-. raniid schemes for video coding. 

Method .Subband Pyramid 

Oversampling 
Max. coding error 
Subchannel 

Nonlinear processing 
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While we have focused on the signal decompc 



far, compression is, of 



achieved by appropriate quantization of the various components and entropy coding of the 
quantized values. Usually, in designing a quantization scheme, one assumes that the various 
components are independent. This is approximately true, since the KIT, which decorrelates 
samples, will produce independent components if we assume Gaussian inputs. Other 
multiresolution schemes approximate the KLT, and thus the independence assumption is 
approximately valid. Under this assumption, the best quantization given a target bit rate 
will choose operating points on the individual rate-distortion curves that correspond to equal 
slope. This concept is underlying optimal bit allocation procedures suggested in the literature 
[39], [40]. 

However, such an optimum will be in the MSE sense, and it is well known that perceptu- 
ally based quantization leads to better image quality. Therefore, perceptually designed quant- 
izers, like the ones for DCT used in JPEG [41] or for subband coding [42], will lead to 
enhanced picture quality. Note that in pyramid coding, when the quantization feedback idea 
is used, the last quantizer can be well adapted to the human visual system. This is due 
to the fact that this last quantization is done directly on the picture, as opposed to some 
transformed representation. In particular, masking functions can be used so as to increase 
quantization in less visible areas, while using fine quantization in sensitive regions [6]. 

Finally, entropy coding based on Huffman or arithmetic coding is applied to remove 
any redundancy left by previous stages, but without adding any errors at this point. 

Note that optimal quantization would require vector quantization (VQ) [43], but high- 
quality coding leads to very large codebooks. Thus, VQ has been more popular for high- 
compression applications. However, VQ can be modified with little suboptimality so Us 
to be applicable in the high signal-to-noise ratio (SNR) context as well. In particular, hierar- 
chically structured codebooks both reduce the complexity and allow for multiresolution 
representations (e.g., [33], [43]). 

3.8. Remarks 

Finite memory (FIR) or open-loop coding schemes were seen to be naturally suited for 
multiresolution decompositions. Therefore, they can be directly used for joint source-channel 
coding. No particular modification is required, since one simply assigns the components 
contributing more to the SNR into better protected channels for transmission. If the less 
important augmentation channels arc lost, one naturally obtains a graceful degradation. 

The simplicity of the FIR multiresolution schemes is counterbalanced by the fact that 
finite memory schemes often have poorer performance in terms of compression compared 
to their recursive counterparts. 



4. Multiresolution decompositions and recursive coding schemes 

In this section, we discuss the implementations of multiresolution decompositions in DPCM 
loops [44]. We focus on the simplest one-dimensional case first, and discuss possible 
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loop over time, with a motion-based predictor, and the techniques discussed can be a?- 
plied to this case with appropriate adjustments. 
4.1. One-dimensional DPCM loops 

There are various wavs ofincluding a multiresolution decomposition in a DPCM loo?. 
C 0 „X t ne-dimensiona. case and a decomposition into a low-reso u. ,c . par, 
added detai.. This could be obtained typically with a ,wo-c annel ^band cod. . 
Repass and high-pass faring followed by subsampling by 2 (see Secl.on 3.2 for a d.^- 
>ion of subband coding). 

4.1.1. Multiresolution decomposition folded by independent DPCM loop^J^ 
' schematically shown in Figure 10(a). The advantages ^^toW^ 5te« 
and of the two resolutions. But this independence can also lead to problems it iner<. . 
ndep ndent errors that add up in the reconstruction. Also, the predictors being indeper, 
den, no information is used across the resolutions, leading u> a certain loss ,n performance. 

4 1 2 Multiresolution decomposition in the DPCM loop. The prediction error is decom- 
posed JS ml^ution components. For example the OCT or alternatively a su W-and 
decomposition is used as a multiresolution splitting of the predtct.on error. There are two 
possibilities: 

1 The predicted value is based on all components of the error signal (see Figure J0(M>. 
In thai case the receiver also needs all components so as to track the transmitter at 
HZ and* Multiresolution decomposition cannot be used for independent decoding 
aUolresoJion or for joint source-channel coding (except in certain idea, cases, like 

, Sj3r^b^d only on the low-rcsolution part of the error signal (sec 
tOfeli A decoder can now run at low resolution, and we thus have a true mum- 
oluti on dLmpostn with an independent compatible subchannel. It can thus a so 
be used for join, source-channel coding. However, a certain loss in performance will 
occur, since there is no prediction of the high-frequency part. 

4 1 3 Hybrid solution. Figure 10(d) shows a hybrid solution that combines features from 
n c 'rcS : schemes. ^predictive loop is based on the low-resolution pan on* .ending 
c the possibility of low-resolution decoding and joint source-channel decoding. The p. r 

formance is enhanced by using a DPCM loop in the output of the h,gh-frequency band. 

as well as side information from the low resolution. 

4 1 4 Lossy DPCM loops. One way to achieve graceful degradation in a DPCM scheme 
t ,'hc ™ since of errors is to use robust DPCM loops. Such loops have been studied n 

opcm co d :,:: s m «• — - u,d icad 10 un;,ccc " ,ab,c 



6S 




lulliresolulion decomposition 
DPCM loop. The prediction error is decom- 
part is used in ihe DPCM loop, allowing 
dccodins from the low resolution alone if needed, (d) The performance is enhanced by including prediction from 
the low'resolulion into the added resolution as well as within the added resolution..- 

errors. The idea is 10 make a "leaky" prediction, that is, an imperfect prediction, so that 
there is always a prediction error, which guarantees that errors will die away. The dis- 
advantage is an increase of the prediction error at all times, thus less compression. Moreover, 
compatible low-resolution decoding based on this scheme would be quite poor, since the 
quality would be much below what can be achieved at the corresponding rate. Therefore, 
lossy DPCM loops are not well suited for compatibility purposes. 



4.2. Hybrid i 



:ompcnsaicd prcdic 



•e DCT coding and nmlhresolitiion decompositions 



A typical hybrid motion-compensated predictive DCT (HMCP-DCT) coding scheme for 
video is shown in Figure 11. As can be seen, the DCT and IDCT arc spatial domain opera- 
tions and they cancel each other (quantization is not shown, but the DCT domain quaniizn- 
tion can in principle be replaced by an equivalent space-domain quantization). Thus, we 




arc left with a DPCM loop over time, w.th a preoption based on mc. 

generic video coding method can now be recast in the vanous schemes discussed ,ta 

A difficulty is that now we are in a three-dimensional system and mult.rcsolution will 
be typically over the spatial dimension while the DPCM loop is over time. 

The first method, which is to start with a multiresolu.ion decompos.t.on followed by 
independent DPCM .oops (HMCP-DCTs), was investigated in [24] [46], [47] using sub^ 
band decomposition. A compalible HDTV/TV system using a similar decompos.t.on was 
proposed in [48]. It was noted in [47] that the scheme was sensitive to errors in the sub^ 
bands which could add up after reconstruction. This problem is particularly pronounced 
if motion artifacts occur. Also, high bands are not suited for motion estimation, and thus, 
the motion from the lowest band is used in the other bands. There is an accuracy problem 
also since a small offset will produce a poor prediction in the high bands (where mainly 
lines have to be predicted). Therefore, motion compensation is often only run on the lowesl 

ba i"n T241 »6\ the DCT usually used to encode the prediction error is replaced by a sub- 
band dc opposition, and we are in the case of Figure 10(b). This scheme behaves very 
similarly to the usual HMCP-DCT case, but one cannot decode a low-rcsoluhon version 

31 The scheme in Figure 10(c) has been used in packet video [49], [50] and is an example 
oil er/ co<,i„ S schemes. The goal is to guaran.ee transmission of one par, (the .ow resolu- 
tion while sending the augmentation channe. in a nonprotected and error-prone channeK 
Thus. i. is necessary to be able to decode based on the low-resolution alone. The DCT 
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was used as a spatial multiresolution decomposition, with lower DCT frequency coeffi- 
cients chosen as a coarse spatial approximation. In HMCP-DCT coding of video, one splits 
the DCT coefficients of the prediction error into two parts (corresponding to low and high 
frequencies, respectively). While the low-frequency DCT coefficients are used in the predic- 
tion loop, the high-frequency coefficients are just intraframe coded. The loss in perfor- 
mance is minor, because the high frequencies are in any case difficult to predict accurately. 

Finally, variations of the scheme depicted in Figure 10(d) can be used so that it is pos- 
sible to decode a low-resolution video sequence based on the low-resolution channel only. 
This channel could also be better protected for transmission purposes. The added detail 
channel is now imerframe coded, due to the added DPCM loop (which will probably use 
motion information from the low-pass channel), thus leading to enhanced performance over 
the scheme in Figure 10(c). An example of this idea is the MPEG video coding standard 
[4]. Instead of low and high resolution, one takes even and odd frames (or another com- 
bination of frames). A HMCP-DCT coder is run on one subset, independently of the other, 
so that it can be decoded independently. Then the other set is coded based on the first 
set, using frame interpolation. Note that this is more efficient than coding the second set 
independently. Another example of independent versus dependent coding in the interlaced 
television case is described in [51]. 

The idea of lossy DPCM loops can be applied to HMCP-DCT as well. However, errors 
will streak over several frames, and the suboptimal prediction will increase the bit rate 
needed to get a given quality and, as discussed earlier, compatible decoding will not be 
satisfactory. 

4.3. Remarks 

Another way to look at the variations of subband coding together with motion-compensated 
DPCM loops is the concept of an inner and an outer code (a notion borrowed from error 
correction coding [52)). For example, in HMCP-DCT coding the inner coding is the DCT 
and the outer coding is DPCM, while in the subband decomposiu'on followed by the HMCP- 
DCT case, the outer code is subband decomposition while the inner one is DPCM. Again, 
the situation is complex because of the three dimensions involved, allowing various opera- 
tions to coexist in various dimensions. 

We should point out that the "typical" video scene is not a general three-dimensional 
signal, but is formed by an image varying slowly over time as described by the motion 
field. In other words, motion "mixes" spatial and temporal frequencies [6]. Therefore, 
the MR decomposition over space induces a similar decomposition over lime: high fre- 
quencies in the DPCM loop arc also reduced in the low (spatial) resolution channel. 

In conclusion, if a low-resolution version has to be dccodablc independently, the form 
of the prediction is restricted. In particular, the low resolution can only be predicted from 
the low resolution, while the added resolution can be predicted from both, as shown 
schematically in Figure 12. The loss in performance is due to (he lack or prediction from 
added resolution to low resolution, which is usually small anyway. 
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5. Compatibility and transcoding issues 

The question of compatibility of a new standard with previous standards is a much discussed 
topic around HDTV. However, while it is conceptually clear what one means by such com- 
patibility, the crucial details are often left out. For example, true compatibility would only 
be possible if the lower resolution standard lives on a sublattice of the high-resolution stan- 
dard's sampling lattice. This is however seldom the case in the new proposed standards 
with respect to the current television standard. Therefore, a more adequate notion is thai 
of easy transcodability: can the lower resolution standard be easily obtained from a sub- 
channel of the new standard? For example, in coding of interlaced HDTV, an interlaced 
subchannel of NTSC quality can be derived in the scheme proposed in [51], [53]. In the 
pyramid discussed above, an intermediate interlaced sequence similar to NTSC could be 
interpolated based on motion vectors. ■ 

Then, with the current MPEG standardization effort for digital video coding [4J, com- 
patibility will usually mean that a higher resolution coding algorithm can be built from 
components used in the lower resolution coding ("components" is meant both in a concep- 
tual sense as well as in the context of hardware components). Such upward compatibility 
has obvious technological and economic advantages. 

Finally, the issue of aspect ratio (which creates an obvious "incompatibility") is usually 
dealt with the so-called letter-box format (the larger aspect ratio, like 16/9, being shown 
within the smaller one, like 4/3). 
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: t r 6. Multircsolulion transmission for digital broadcast 

Among all transpon mechanisms for video, perhaps the most challenging one is broadcast 
over the terrestrial channel, which is plagued by many distortions (cross-interference and 
multipath for example). From a video coding point of view, the two key requirements are 
(i) robustness to channel errors and (ii) graceful rather than abrupt degradation under adverse 
conditions: These requirements play an important role in the choice of source and channel 
coding methods. After discussing these issues, we will briefly describe a system using 
multiresolution source and channel coding for digital broadcast of HDTV [54], 



2 The ability of a coding system to sustain normal operation facing occasional channel er- 
rors is determined by the design of both source and channel coding systems. Robustness 

- requires high error protection for sensitive data and frequent restart or ^synchronization 
of recursive portions of the algorithms. Variable-length codes have to be modified and/or 

" • include ^synchronization sequences to avoid long stretches of errors after a single bit er- 
ror. For example. MPEG-like algorithms restart their HMCP-DCT loop every 15 frames 
(or 0.5 s), making them in essence finite memory schemes. If the data is hierarchically 
decomposed, it is easy to protect the basic components (like the low-resolution sequences 
and motion vectors) more heavily than the added details. 

62. Digital broadcast systems . 

? Hierarchical or multiresolution decompositions blend well with channel coding in what 
we call multiresolution transmission. While a iraditional digital transmission system has 
a noise threshold over which its operation degrades very rapidly (so-called threshold ef- 
fect) it is possible to use multiresoluiibn decomposition of the source to achieve a graceful 
degradation as the carricr-to-noise ratio (CNR) decreases (see Figure 13). This is a typical 
example of joint source-channel coding, which is believed to be better suited for digital 
broadcast situations than traditional digital transmission. 

4- A conventional digital transmission scheme is designed with the worst channel in mind, 
' i.e., the fringe area, while receivers closer to the transmitter have no additional benefit 
(a fact in contradiction with the typical geographical distribution of receivers). This is what 
Schreibcr [55], [56] calls the wasted bandnidth in digital broadcast systems, since the ad- 
ditional CNR closer to the transmitter is not used to transmit more bits. 

' $■ We share this point of view as we think that current digital broadcast proposals are real- 
ly designed as point-to-point transmission systems (namely emitter to fringe) rather than 
broadcast systems. But results from information theory on multiuser systems [57], [58] 
indicate that better performance can be achieved by designing the transmission system 
specifically for the broadcast channel. Interestingly, the way to achieve better performance 
is by using "multiresolution codes" (this is not the name used in [57]. but it is intuitive, 
as we shall sec). 
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Distance 

Pgurt IS. Muliircsolulion transmission yielding graccA] degradation with decreasing CNR (or increasing distance). 
&3. Mtiliiresolution transmission 

A better digital broadcast system can be designed by a matching a multiresolution source 
coding with a multiresolmion channel coding. Such a system is described in [54] and is 
outlined here. 

Assume that we have a source coding scheme like the spatiotemporal pyramid discussed 
in Section 3.6 or some other multiresolution source decomposition where the low resolu- 
tion can be decoded independently. A first simple approach would be to use separate fre- 
quency channels and possibly different modulation schemes (such as 4 QAM and 16 QAM) 
for the coarse and the fine resolution (we assume constant power). Obviously, the coarse 
version can now be received further out. In areas where both coarse and fine resolutions 
arc decodable, the full-resolution picture will be received, and under adverse conditions 
(e.g., heavy rain) the picture will not be completely lost but will simply fall back to the 
coarser resolution. 

Better coding efficiency can be achieved by implementing a multiresolution modulation 
scheme matched to (he source coding. For example, assume the ratio of the rates for coarse 
and fine resolutions is unity. Then, a nonuniform 16-QAM modulation (where each sym- 
bol consists of 4 bits) can be designed so as to carry 2 bits out to low CNRs, whereas 
the full 4 bits can be recovered at higher CNRs. Such a nonuniform QAM constellation 
is shown in Figure 14, and the parameter X is the ratio of the small and the large distance 
between points (X = 0 and X = 1 correspond to 4 and 16 QAM, respectively). Therefore, 
there are now two regions of coverage: a small one for high-quality reception and a larger 
one for lower quality reception. For more details, we refer the render to [54], where a 
complete design or MR source coding and transmission is demonstrated. Transmission is 
packet based and uses the spatiotemporal source decomposition described in Section 3.6 
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and a mulliresoluiion 64-QAM constellation. The trade-offs in coverage and quality are 
summarized in Figure 15, and the effects of channel errors are shown in Figure 16 (both 
are from [54]). 

The use of nonuniform QAM as well as hybrid analog and digiuil transmission (which 
achieves a similar behavior) has also been proposed by Schrciber [55], [56]. However, 
purely digital MR modulation allows using more sophisticated entropy coding techniques, 
whereas in the hybrid case one is limited to coding a set of samples corresponding to ac- 
tual amplitudes in a memoryless fashion. 

While other approaches are possible (using different compression and modulation 
methods), we believe (hat this is the first demonstration of a complete system for digital 
broadcast of HDTV which does not exhibit a threshold effect and uses a transmission scheme 
specifically designed for the broadcast situation. 
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